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Final Report
October 2017 – September 2020

Project Summary

Prior to the 1970s, dredging of federal navigation channels and harbors by the US Army Corps of Engineers
(USACE) in Maine typically resulted in offshore placement of sediment (Normandeau Associates, 1994 1) as a
lowest-cost alternative. Since then, the USACE has preferred to beneficially reuse dredged materials as beach
nourishment because of the benefits for storm protection, habitat, and recreation. Over the past few decades,
nearshore placement of dredged materials has proven to be a cost-effective method as opposed to direct onshore
placement of sediment. However, the benefits of nearshore placement have sometimes been questioned because
of the lack of a direct benefit (e.g., an immediately wider recreational beach).
As part of this project, the Maine Coastal Program (MCP) and Maine Geological Survey (MGS) worked
together with Nearview LLC on the collection and analysis of topo-bathymetric elevation coverage from the
beach to the nearshore at several Maine beaches adjacent to federal navigation harbors which are regularly
dredged. Topographic data were analyzed on a seasonal and yearly basis at several beach locations in southern
Maine in order to better understand the fate of beach nourishment and nearshore placement efforts and develop
recommendations for future efforts. This information is vital to local, regional, state, and federal managers
when making beach and dune management decisions.
Three beaches proximal to dredged federal channels that regularly receive either beach nourishment or
nearshore placement of sediment were selected
for this study, including (Figure 1):
• Wells Beach, Wells, which received
nearshore sediment placement most
recently in June 2018 and July 2020 from
dredging of the Webhannet River;
• Saco beaches, Saco, which received
beach nourishment most recently in
March 2019 from dredging of the Saco
River; and
• Beaches in the vicinity of the
Scarborough River (Pine Point Beach,
Ferry Beach, and Western Beach).
Western Beach received beach
nourishment most recently in 2015 from
dredging of the Scarborough River.
Table 1 summarizes historical beach nourishment
and nearshore disposal at the three selected project
study areas since 1990. Over 677,000 yd3

Figure 1. Topographic-bathymetric change analyses were performed using
unmanned aerial surveys, single-beam and multibeam echo-sounder at 4
Maine beaches and a dredge disposal site. Grab samples collected water
quality, surface sediment, and benthic fauna information to inform
management decisions.

1

Normandeau Associates, 1994, A dredged material management study for coastal Maine and New Hampshire, Falmouth, MA, prepared for U.S. Army Corps of
Engineers, New England Division, Waltham, MA.
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(517,000 m3) of beach nourishment and over 189,900 yd3 (145,260 m3) of nearshore placement occurred since
1990. Two additional study areas were included in the data collection. In Old Orchard Beach, an area in the
vicinity of Little River Rock was investigated as a potential future location for nearshore placement for dredged
materials from the Scarborough River. An additional study area in the Kennebec River (Phippsburg) and Bluff
Head (in-river) and Jackknife Ledge (offshore) disposal areas were included for closer analysis of sedimentation
patterns in the Kennebec River. Since 1991, approximately 315,000 yd3 (240,000 m3) of dredged material was
placed at the in-river Bluff Head disposal site, and most recently, over 14,100 yd3 (11,000 m3) of sediment was
placed at Jackknife Ledge.
Through this NOAA Project of Special Merit, MGS and MCP developed and performed methods and data
collection protocols to assess the elevation change over time following onshore and nearshore sand placement
collecting data to evaluate the successes of past beach nourishment and nearshore placement projects. We
collected topographic-bathymetric elevation over multiple years in the spring and fall at Wells Beach (Wells),
Camp Ellis and Saco Beaches (Saco), Pine Point, Ferry, and Western Beaches (Scarborough) using Unmanned
Aircraft Systems (UAS) and single-beam (NSS) and multi-beam echosounder (MBES). The project team
compiled and reviewed this multi-season and multi-year data and to develop an analysis methodology for
comparison of elevation and volumetric changes. We also collected bathymetry data in the Kennebec River, and
Jackknife Ledge and Arundel disposal areas to inform dredging and disposal management, sediment budgets,
and CZM review. At each of these sites, we performed grab sampling to characterize benthic fauna to inform
dredging, disposal, and nourishment projects (specifically regarding rare or sensitive marine benthic species).
These methods, analyses, and reports will form a basis for future management at these sites and are
transferrable to other sites for nearshore management activities.
Data collected as part of this project are
being used by MGS to determine the best
areas for dredged sand placement in
nearshore areas, the direction and rate of
sand migration after placement, and to help
understand impacts to adjacent habitats,
such as eelgrass (at the Scarborough study
area). As part of this project, MGS worked
and will continue to work with local
communities in Wells, Saco, and
Scarborough to develop/revise their local
beach management plans to include
thresholds for variability and change tailored
to the local beach system based on the
change thresholds measured by seasonal
variation as part of this project. These
thresholds will provide a baseline for
decisions about the need for future beach
nourishment. The project results will also be
adopted into the local beach management
strategies to inform the best locations for
nourishment placement.

Federal Navigation
Project

Webhannet River,
Wells

Saco River, Saco

Scarborough River,
Scarborough

Overall Totals

Dredge Year
2000
2004
2012
2014
2014
2018
2020

Volume
Volume (cubic
(cubic yards)
meters)
180,000
137,620
10,000
7,646
10,000
7,646
5,000
3,823
138,000
105,509
20,000
15,291
30,000
22,937
318,000
243,128
75,000
57,342
393,000
300,470

Disposal Location
Onshore - Wells and Drakes Island
Nearshore - Wells
Nearshore - Wells
Nearshore - Wells
Onshore - Wells and Drakes Island
Nearshore - Wells
Nearshore - Wells
Total (Onshore)
Total (Nearshore)
Total (Wells)

1992
1992
1996
2019

99,014
24,990
90,000
62,000
161,014
114,990
276,004

75,702
Onshore - Camp Ellis
19,106
Nearshore - channel
68,810 Nearshore (from Scarborough River)
47,402
Onshore - Camp Ellis
123,104
Total (Onshore)
87,916
Total (Nearshore)
211,020
Total (Saco)

1996
2005
2015

90,000
82,048
116,325
198,373
0
198,373

68,810
62,730
88,937
151,667
0
151,667

Nearshore (Camp Ellis)*
Onshore - Western Beach
Onshore - Western Beach
Total (Onshore)
Total (Nearshore)
Total (Scarborough)

Total Onshore
Total Nearshore
Total for All Areas

677,387
189,990
867,377

517,900
145,258
663,157

* material dredged from Scarborough River and placed
at Camp Ellis is counted as nearshore placement at
Camp Ellis

Table 1. Volumes of dredged material placed either onshore as beach
nourishment or in the nearshore since 1990 at the 3 study areas. Shaded
boxes indicate that placement occurred during the current project study
period (2017-2020).
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Task 1: Collect nearshore topography, bathymetry, sediment, and marine habitat
data for areas off of Scarborough, Saco, Wells, and Phippsburg
Timeframe: October 2017 – September 2020

In advance of data collection for this project, the project team developed a data collection protocol detailing
each aspect of the project including bathymetric data collection (multibeam and single beam sonar), sediment
grab sampling and benthic habitat sampling, and unmanned aerial system (UAS) data collection. MGS also
upgraded its Nearshore Survey System (NSS) platform to improve its data collection capabilities in challenging
conditions – notably the single-beam echosounder, data capture and navigation software, and acquisition
computer. MGS purchased a variety of equipment to upgrade Nearshore Survey System (NSS) capabilities,
including:
• A new aluminum trailer for the PWC;
• CEE Hydrosystems CEE-ECHO echosounder and 200 kHz transducer;
• Eye4Software Hydromagic single beam navigation, data collection and editing software;
• Customized Small PC SC215ML iBrick computer with Windows 7 software;
• Customized Small PC SD100ML 10.4” sealed touch display; and
• NSS-dedicated network Leica GS-14 RTK-GPS unit with the capability for base-rover usage to support
survey work in areas with poor network coverage.
To support data acquisition for this project, MCP and MGS worked with several contractors including Nearview
LLC for UAS data acquisition, Dr. Thomas Trott for benthic fauna sample collection and analysis, an Benthic
Ecology Intern to help with data collection and sorting, Benjamin Kraun for MBES data acquisition and
analysis and grab sample sediment analysis, and several Coastal Marine Geology Interns to help with NSS field
data acquisition. This Project of Special Merit also supported partial time of the MGS Marine Geologist for
project planning, data collection and analysis, reporting, community outreach, and translation of the project’s
findings into management considerations.
Beach Sand Transport Assessment
Terrestrial, nearshore, and bathymetric data were collected at the Wells, Saco, and Scarborough study areas for
multi-year spring and late summer/fall comparisons from 2018 to 2020 (Table 2). The project team worked with
subcontracted professionals to process and combine elevation data at Wells, Saco, and Scarborough beaches to
produce 3 high-resolution digital elevation models (DEM) and 1-foot contour interval maps. Orthophotos and
topography from UAS (Figure 2) had a horizontal standard error of 2-4 cm and vertical error was 3-5 cm on an
orthophotomosaic at each beach.
The project team found that timing of the different surveys close-together to be very difficult due to a variety of
factors. UAS data collection typically only took one day at each beach and was limited by wind, lighting, and
tidal conditions (not cold weather or high wave conditions). However, NSS and MBES data needed good
weather, proper tides, and calm ocean conditions to successfully complete surveys. For the NSS, this meant
Wells
UAS
NSS
Late Summer/Fall - 2018
10/1 8/9-8/10
Spring/Early Summer - 2019 3/26 8/12-8/13
Late Summer/Fall - 2019
10/3 9/25,11/23
Spring/Early Summer- 2020 N/A
N/A
Late Summer/Fall - 2020
9/15 8/21,8/23
Season - Year

MBES
8/9
6/19
9/9
6/16
8/19

Saco
Scarborough
UAS
NSS
MBES
UAS
NSS
MBES
10/5
8/27-9/5
N/A
10/4
8/17-8/24
8/30
3/27
7/25-7/31
5/3,5/9
3/29 6/24-6/28,7/16,8/5-8/7
6/4
10/24 10/30, 11/7, 11/14-11/15 9/19,9/27,10/8 10/25 9/23-9/24,9/27,10/29
10/14
N/A
N/A
5/18,5/25
N/A
N/A
6/4,6/8,6/9
9/18
8/24-8/26,9/9
N/A
9/17
8/14-8/15,8/20,8/26
10/5

Table 2. Chronology of data collection at the Wells, Saco, and Scarborough study areas.
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several consecutive days (if possible) or more of surveys to complete a study area. As a result, “fall” data
collection extended into late summer and sometimes into late fall, while “spring” data collection extended into
early summer. For example, in Spring 2019, UAS data was collected in the end of March. However, stormy
weather and equipment issues delayed MBES and NSS data capture until early to late summer, respectively.
The project team quickly found that timing data collection to within a few weeks of one-another, if possible,
was more realistic. However, even data collection within a few weeks of one-another could be significantly
impacted by storms, which could change beach conditions rapidly. Secondly, due to the size of the study areas,
it took a significant amount of time to collect NSS single-beam data at Saco and Scarborough, and when
weather impacted data collection the timeframe for collection was extended by weeks. Finally, because of
COVID-19 restrictions, the project team decided to skip spring 2020 data collection, and instead focus on a
final late summer/early fall 2020 data collection for all data types.
In order to analyze bathymetric changes, the project team used a topographic and volumetric analysis for each
of the data-collection methods (UAS, NSS, and MBES), and the results were compared to assess study area
changes. However, issues were encountered during this analysis. From each data collection, overlapping NSSUAS and NSS-MBES datasets were compared at hard ground (e.g., outcrop) locations to verify vertical
accuracy/continuity of the datasets. Comparison of NSS-UAS data showed very good (generally around 10-15
cm or less) correlation of vertical data. However, an approximate ~20-30 cm vertical offset was determined to
exist between NSS-MBES datasets. For the most part, this offset was systematic, but varied slightly more in
some areas. The team determined that this difference was most likely due to the methodology of using NOAA
tidal data in the Qinsy/Qimera software to establish a vertical datum for the MBES data. Because of the
discrepancies in dates of data collection (especially spring/summer 2019 and late summer/fall 2019, when
storms significantly influenced the beaches) and the offset of the MBES data, the project team determined that it
would not be possible to develop a continuous digital elevation model by combining the UAS, NSS, and MBES
datasets. Instead, it was decided to compare each dataset to itself (e.g., UAS-UAS, NSS-NSS, MBES-MBES) in
terms of elevation changes and volumetric calculations, and the resulting comparisons could then be stitched
together to create a mosaic of changes throughout the study areas. More information is provided below under
Task 3 and Appendix A.
Results from topographic and volumetric analyses will complement future shoreline change data collected as
part of the Maine Beach Mapping Program. Project data will form the scientific basis for local and regional
beach management plans.
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Figure 2. UAS topographic data collected at Ferry Beach in Scarborough during
March 2019 shown in orthomosaic (left) and 3D textured mesh (right).

Data Collection for Dredging and Disposal Assessments
In addition to the Wells, Saco, and Scarborough study areas, multibeam echosounder surveys were completed
for the Kennebec River and areas off Phippsburg to track sand transport in recently dredged areas, and map
sand deposits and the orientation of sand waves to determine sediment transport directions from the river to the
sea. In addition, a dredged sand disposal site in the river near Bluff Head was imaged prior to sediment
placement by the USACE. This survey found sand dispersal of 47,000 cubic meters in two years (Appendix D).
Based on bedform analysis and previous studies, the expected dispersal from the Bluff Head disposal site is
downstream. At the river mouth, multibeam data helped explain a rare phenomenon of catastrophic slumping of
a beach into the river next to Fort Popham (see Figures 3 and 4 in Dickson, 2020 2, Hart, 2020 3).
Off Popham Beach in Phippsburg, mapping was expanded to survey a nearshore placement site west of
Jackknife Ledge as preferred geological alternative to the current disposal site east of the ledge (Figure 3).
Based on multibeam data, the old site had minimal dispersal over three years and no immediate benefit for
onshore transport to Popham Beach State Park (Appendix D). To facilitate an alternate site with better potential
for beach nourishment, grab samples from the new area of interest were collected for grain size analysis (Table
3 in Appendix C) and benthic fauna community descriptions. This information is summarized in Appendix C
and below in Task 2.

2

Dickson, Stephen M., 2020, Kennebec River Sand Waves at Fort Popham, Phippsburg, Maine: Maine Geological Survey, Geologic Facts and Localities, Circular
GFL-248, 13 p. Maine Geological Survey Publications. 595. https://digitalmaine.com/mgs_publications/595
3 https://digitalmaine.com/geo_docs/144
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Figure 3. MCP multibeam bathymetry (left) and backscatter (right). The red circle represents a preferred site within the area of interest. Popham
Beach State Park is at the north edge of this map. This area would be a geologically suitable disposal site.

MCP also collected bathymetry and backscatter data in disposal areas off Cape Arundel to inform future dredge
disposal practices. This information was used to help coordinate with the USACE on the location of potential
disposal sites and to evaluate state support for extending the use of the Cape Arundel Disposal Site (CADS). A
new potential nearshore placement site near Little River Rock off Old Orchard Beach (approximately 3.3 km
south of Pine Point Beach, Scarborough) was selected and the nearshore bathymetry surveyed in 2018 by MGS
(Figure 13 in Appendix A). This site could be used in association with future maintenance dredging of the
Scarborough River federal navigation project. Collaboration in project planning with the USACE and
knowledge this project provided from the Wells Beach nearshore placement site led to this new alternate site
(Figure 4).
Data collected in the vicinity of a potential dredged material placement area along Old Orchard Beach was
provided to the USACE, and MGS worked with the USACE on final siting for potential nearshore placement in
conjunction with hopper dredging of the Scarborough River that may occur in 2021 or 2022 if federal funds
become available. Based on lessons learned from Wells Beach nearshore placement in this project, MGS and
the USACE agreed to place the disposal site in the shallowest water depths attainable by the dredge vessel. This
Little River Rock nearshore placement site was deemed acceptable by a September 2019 USACE in a Draft
Suitability Determination based on bathymetry collected and shared by MGS in this project (Figure 13 in
Appendix A). Studies of Saco Bay sediment budgets (Kelley et al., 2005 4; Woods Hole Group, 2013 5; Morang,
2016 6) suggest that sediment placed at this location would migrate north to Pine Point Beach and have a lasting
benefit to local beaches and dunes.

4

Kelley, J.T., Barber, D.C., Belknap, D.F., FitzGerald, D.M., van Heteren, S., and Dickson, S.M., 2005, Sand budgets at geological, historical, and contemporary time
scales for a developed beach system, Saco Bay, Maine, USA, Marine Geology 214:117-142.
5
Woods Hole Group, 2013, Saco Bay, ME: Shoreline mapping and sediment transport potential update; Parts I and II, Falmouth, MA, Prepared for the US Army Corps
of Engineers, New England District, Concord, MA.
6
Morang, A., 2016, Saco Bay, Maine: Sediment Budget for Late Twentieth Century to Present, ERDC/CHL CHETN-XIV-40,
https://apps.dtic.mil/dtic/tr/fulltext/u2/1005461.pdf
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Figure 4. Little River Rock nearshore placement site was identified and adopted for disposal of sand dredged from the Scarborough River (pending
funds in 2021 or 2022). Sediment transport is to the north (up on map) and will provide sand to nearby beaches. See Figure 13 in Appendix A for a
detailed bathymetric map made in this project.

Mapping of Benthic Habitat Resources
In addition, in fall 2019 at the Scarborough study area, NSS (collected at high tide) and terrestrial RTK-GPS
survey techniques (collected on a negative tide) were used to investigate the extent of eelgrass habitat in the
vicinity of the Western Beach study area. Subsequently, the eelgrass area was resurveyed using RTK-GPS in
spring 2020 (March) and by NSS in late summer 2020 (August). Both techniques proved to be quite accurate at
delineating the landward and seaward edges of eelgrass. This demonstration effort was undertaken at the request
of the USACE and National Marine Fisheries Service in order to look at the potential impacts of beach
nourishment being eroded from Western Beach and smothering eelgrass habitat.

 Complete

Incomplete

 In Progress

 Not on Schedule
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Task 2: Analysis of samples to inform habitat classification
Timeframe: November 2018 – September 2020

Grab samples collecting water quality, sediment, and marine fauna grab samples were collected off Wells, Saco,
Old Orchard Beach, and Scarborough beaches as well as within sand transport areas in the Kennebec River and
at the Jackknife Ledge disposal area in 2017, 2018, and 2019 to establish a baseline understanding of benthic
communities prior to subsequent nearshore nourishment. As part of this task, we (1) performed benthic habitat
classification using the Coastal and Marine Ecological Classification Standard (CMECS) 7 and statistical
analyses to determine differences in biological communities among four beaches; (2) determined nearshore
sediment grain size based on surface grab samples and backscatter assessment to develop a “baseline
conditions” assessment at four beaches; and (3) assessed differences in grain size and biological community
composition at one dredge disposal site pre- and post-disposal and compare these characteristics to a proposed
new disposal site. This additional benthic habitat data when combined with bathymetric change data collected
during the same time period will provide coastal managers a more comprehensive understanding about how
nearshore sand placement impacts these areas.
Grab sample locations were selected in areas where preliminary analyses using the multibeam backscatter
intensity data to target a range of intensity values that would suggest differences in sediment type. The bottom
sampler was a single platform rig outfitted with a clamshell style Ponar grab sampler, GoPro Hero 3+ digital
video camera inside a Group B Inc. dive housing, Keldan underwater dive light, dive lasers spaced at 10 cm for
scale, and a Xylem Exo 1 to collect water column data (salinity, temperature, pH, dissolved oxygen, and
chlorophyll concentrations; Figure 2). The 23 x 23 cm Ponar grab was capable of collecting a maximum
volume of 8.2 liters of unconsolidated sediment per sampling attempt. Sediment samples were analyzed using
standard laboratory techniques for the textural analyses of marine sediments 8 by the sedimentology laboratory.
The proportion of gravel-, sand-, silt-, and clay-sized particles were used to classify the overall sample using the
Folk Classification scheme 9. Samples were also categorized by the Coastal and Marine Ecological
Classification Standard. Appendix C provides detailed information for the sediment and faunal composition of
each site.
We found that sediment characterizations derived from grain size based on Folk Classifications from surficial
sediment samples showed a general pattern of decreasing backscatter intensity with grain size as expected. The
backscatter and bathymetry were used to describe general characterizations of sediment and formations at each
site, such as rippled scour formations. Surficial sediment from grab samples at Wells and Saco showed evidence
of recent nourishment at many of the sampling sites, being comprised of mostly sand, with samples away from
the nourishment areas and at the other beach sites being comprised of gravel and sand mixtures, with some
having higher proportions of mud (Figure 5). Because sampling at the four southern beaches was only
performed in 2019, these samples cannot be used to determine with confidence the post- impacts of
nourishment activities, however future efforts could be made to sample these sites over time to determine the
length of impact and provide a baseline before future nourishment activities. At Jackknife Ledge, limited
sampling was performed at the same locations pre- and post- sand disposal. The change in composition at these
sites from sand and gravel mixtures to primarily sand with traces of mud shows a change following disposal
(Figure 5 in Appendix C). When combined with repeated efforts to collect backscatter, this repeated sampling

FGDC (Federal Geographic Data Committee), 2012. Coastal and marine ecological classification standard. FGDC-STD-018-2012, Washington, DC.
Poppe, L.J., McMullen, K.Y., Williams, S.J., and Paskevich, V.F., eds., 2014. USGS East-coast sediment analysis: Procedures, database, and GIS data (ver. 3.0,
November 2014): U.S. Geological Survey Open-File Report 2005-1001, available online at http://pubs.usgs.gov/of/2005/1001/.
9
Folk, R.L., 1974. Petrology of sedimentary rocks. Hemphill Publishing Co., Austin, Texas. 182p.
7
8
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thus has the capability of demonstrating the broad surficial sediment changes following sand
nourishment/disposal activities.
Benthic fauna characterizations should be used to inform activities that will alter or impact the benthic
environment. Sampling at Jackknife Ledge and the four southern Maine beaches found that species assemblages
were representative of sandy bottom benthos, although there were some differences among sites and following
sand disposal at Jackknife Ledge, likely due to differences among sediment type, specifically the amount of
gravel. Species assemblages among
study locations were representative
of sandy bottom benthic fauna and
contained tube-building and errant
worms, clams, isopods, and
amphipods listed in decreasing
abundance (Figures 6 and 7 in
Appendix C). Predatory snails,
sand dollars, ribbon worms, peanut
worms and acorn worms were
present as minor components.
There were some notable
exceptions: at Wells Beach,
crustaceans dominate both species
richness and abundance; at
Jackknife Ledge, there are more
species of predatory snails and in
greater abundance than that found
among all beach locations.
Although direct comparisons are
not possible because of the
sampling methodology, pre- and
post-disposal similarities of species
assemblages were found differ
significantly at Jackknife Ledge.
We also found that among the
beaches sampled, Wells Beach was
distinct based on its species
assemblage and the presence of a
rare species that is sensitive to
disturbance.
Full reports and analyses of this
effort are reported in Appendix C.

Complete

Incomplete

Figure 5. Grab samples collecting water chemistry, surficial sediment, and benthic fauna were
collected at four Southern Maine beaches in 2019, shown here with grain size classification
and backscatter intensity (dB).

 In Progress

 Not on Schedule
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Task 3: Generate maps and model substrate types based on collected data
Timeframe: November 2018 – September 2020

Digital elevation models incorporating topographic and bathymetric data were used to inform overall change
(elevation and volumes) in each study area by analyzing change over time for each data collection method. The
project team investigated the creation of seamless mosaics of topo-bathy data using UAS, NSS, and MBES
datasets, however, we found this difficult due to several factors: 1) some data was collected weeks and
sometimes months apart due to weather and other circumstances; and 2) a slight negative offset of 18-20 cm
was determined to exist between NSS and MBES datasets – determined to be due to the tidal model used to
create the MBES data. Instead of mosaicking all datasets into a seamless product, we decided to analyze each
individual dataset (e.g., UAS to UAS, NSS to NSS, MBES to MBES). From this, overall change (elevation and
volumes) could be determined for the entire study area, from terrestrial to bathymetric.
Riverscapes Consortium’s Geomorphic Change Detection (GCD) software, an ArcGIS tool, was used to inspect
topographic and bathymetric changes amongst the data. GCD output for UAS and NSS data for Saco beaches
comparing fall 2019-fall 2020 is shown in Figure 6. Beach nourishment was placed just south of the jetty, in
spring of 2019. Blue colors indicate gains in elevation, while red colors indicate elevation loss, and the pre-set
threshold of change was ±0.10 meters. Figure 7 shows graphical results of volumetric analyses from GCD
software, indicating that between fall 2018 and fall 2020, the beach underwent substantial elevation changes,
generally gaining large volumes of sand through most of the NSS and UAS study areas, or areas of interest
(AOIs). In another example, comparing fall 2018 to spring 2019 NSS mapping for Wells Beach (Figure 8) the
area where nearshore placement of sediment occurred by the USACE is shown with a green line. Figure 9
shows graphical results of volumetric analyses for the NSS and UAS AOIs, indicating that the beach underwent
substantial elevation changes in the nearshore portion of the beach, while undergoing traditional seasonal sand
loss on the upper beach – these changes are representative of onshore sediment movement from the nearshore
placement site and typical upper beach seasonal shifts. However, data also indicates a net volumetric loss in the
AOIs during this time period.
Full reports and analyses of these mapping data sets are reported in Appendix A for Wells, Saco, and
Scarborough study areas, and also in Appendix D for the Kennebec River and Phippsburg.

Complete

Incomplete

 In Progress

 Not on Schedule
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Figure 6. Example of Saco beaches net nearshore volume changes for NSS and UAS data from fall 2018 to fall 2020 using GCD tool.

Figure 7. Example of graphical results of volumetric analysis of combined UAS and NSS data for Saco beaches, fall 2018 to fall 2020.
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Figure 8. Example of Wells Beach volume changes within the NSS and UAS AOIs from fall 2018 to spring 2019 using GCD tool. The green outline was
the nearshore placement site for sand dredged from Wells Harbor in June 2018.

Figure 9. Example of graphical results of volumetric analysis in the NSS and UAS AOIs for Wells Beach, fall 2018 to spring 2019.
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Task 4: Use data to develop revised guidelines for natural resource management
and best management practices for coastal resiliency for draft beach management
plans
Timeframe: January 2019 – September 2020

Data collected as part of this project and before this project are being used by MGS to determine the best areas
for dredged sand placement in nearshore areas, the direction and rate of sand migration after placement, and to
help understand impacts to adjacent habitats, such as eelgrass (at the Scarborough study area).
As part of this project, MGS worked and will continue to work with local communities in Wells, Saco, and
Scarborough to develop/revise their local beach management plans to include thresholds for variability and
change tailored to the local beach system based on the change thresholds measured by seasonal variation as part
of this project. These thresholds will provide a baseline for decisions about the need for future beach
nourishment. The project results will also be adopted into the local beach management strategies to inform the
best locations for nourishment placement.
Results from mapping and monitoring at Wells Beach were shared with the USACE in advance of a July 2020
dredge and nearshore placement for beach nourishment. MGS and the USACE worked together in May and
June to optimize the summer disposal in the most shallow and southern portion of the approved disposal site in
order to maximize the rate of onshore migration of sand to Wells Beach. Pre- and post-placement bathymetric
surveys by the USACE and post-placement surveys by this project team will continue to provide data for
community engagement, beach management, and anticipated 2021 or 2022 intertidal beach nourishment on
Wells Beach with 50,000 to 80,000 cubic yards of sand from Wells Harbor. In addition, the Town of Wells is
developing plans to dredge municipal areas and stockpile sand for beach and dune management in response to
storm erosion. Data from this project will be used by the USACE, consultants to the Town of Wells, and MGS
to determine the optimal placement alongshore and a cross-shore beach-fill design template. The outcome and
collaborative approach to data exchange will continue to be shared in upcoming state and New England regional
dredge team meetings.
As planned by the USACE, Saco River sand was dredged and placed on Camp Ellis Beach during the winter of
2018-2019 and monitored in this project. Specifically, results from the study were used to help inform and track
sand placement at Camp Ellis Beach in Saco. Sand movement was tracked in this area through spring 2020.
MGS also worked with the City of Saco’s Shoreline Commission to bring them the latest science for inclusion
in an erosion mitigation plan 10. Some initial results from the data analysis were presented February 24, 2020 11
to the City of Saco, State Senators and Representatives, Maine’s Department of Environmental Protection, and
the public in conjunction with beach erosion mitigation and suspended USACE Section 111 project. Unlike past
city efforts, the current approach is to include the municipalities of Biddeford, Old Orchard Beach, and
Scarborough in more regional approach to beach erosion management.
A separate citizen initiative, SOS Saco Bay 12, is also a data user. In December 2019, project lead Peter
Slovinsky (MGS) presented a summary of project efforts, along with other shoreline change information, to the
Saco Shoreline Commission 13. This was followed up by a subsequent presentation in November 2020 14 with
https://www.sacomaine.org/Saco%20Bay%20Erosion%20-%20State%20Mitigation.pdf
Wells, T., 2020, https://www.pressherald.com/2020/02/27/quest-to-quell-coastal-erosion-takes-on-new-emphasis/
12 https://sossacobay.com/
13
https://www.sacomaine.org/Saco%20Shoreline%20Change%20Slovinsky%2012-11-2019.pdf
14
https://www.sacomaine.org/boards_and_committees/meeting_agendas_and_minutes.php.
10
11
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more recent project results. Slovinsky also presented data about shoreline changes and some initial study
findings in the Scarborough River/Pine Point study area to the Pillsbury Shores Association at Pine Point
(Figure 10). These results will be used to inform the larger Saco Bay sand management plans as well as drawing
community attention to the trends in sand movement.

Figure 10. Beach change at the eastern portion of Saco Bay (Pillsbury Shores at Pine Point) based on transects and UAS
image analysis 2017-2020

The results of this study have also been used to inform the impacts of sand dredging and disposal within the
Kennebec River and at the nearshore disposal area off Popham Beach in Phippsburg (Jackknife Ledge disposal
area). Surveys completed using MBES and grab sampling have helped determine sand dispersal rates and
directions in the estuary. Some of the multibeam data helped explain a rare phenomenon of catastrophic
slumping of a beach into the river next to Fort Popham (see Figures 3 and 4 in Dickson, 2020 15, Hart, 2020 16).
Off Popham Beach in Phippsburg, MBES mapping has helped explain why disposal sand placed at a nearshore
site east of Jackknife Ledge was not providing a sand source for Popham Beach. Our mapping found that a
previously un-mapped portion of exposed ledge was blocking transport, and that an area to the west of
Jackknife Ledge could be a preferred alternative.

15

Dickson, Stephen M., 2020, Kennebec River Sand Waves at Fort Popham, Phippsburg, Maine: Maine Geological Survey, Geologic Facts and Localities, Circular
GFL-248, 13 p. Maine Geological Survey Publications. 595. https://digitalmaine.com/mgs_publications/595
16 https://digitalmaine.com/geo_docs/144
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As part of this project, MGS met with Popham Beach State Park rangers (Photo 1) to discuss beach and dune
management, transplanting dune grass, increasing resiliency of park paths, and placement of string fences to
limit foot traffic in fragile areas of dune growth. MGS used an RTK-GPS to map additional shorelines and dune
edges for park staff and followed up with a park erosion assessment for Department of Agriculture,
Conservation and Forestry managers and rangers was used in spring 2020. This site visit and assessment
updated past guidance for park management based on current conditions
Complete

Incomplete

 In Progress

 Not on Schedule

Photo 1. A site visit by MGS geologists S. M. Dickson and P. A. Slovinsky with Rangers S. M. Vaillancourt and P. M. Baker on March 6, 2020 included
surveys for an erosion assessment and a discussion of ideas, such as stair removal, for spring and summer.
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Task 5: Increase data accessibility and understanding for scientifically-informed
decision making
Timeframe: January 2019 – September 2020

The Maine Geological Survey used the data collected by this project to change how sand disposal areas are
determined and monitored in Maine. Full reports on these data and findings are in Appendices A and D.
Informing Beach Sand Management and Assessment
In addition to using these data to inform local beach management plans, online data-sharing platforms will share
the data and highlight key findings. This will complement the Maine Beach Mapping Program (MBMAP) 17
dataset, and data that is collected by Maine’s Southern Maine Beach Profiling Program 18 volunteer program.
Fall 2020 UAS surveys were used to generate beach profiles at two SMBPP locations at Wells Beach. On the
day of the UAS data collection, MGS used an RTK-GPS along the two shore-normal profiles to collect
elevation data. Comparison showed similar profile shapes and thus utility of UAS data to generate beach
profiles. Analysis of volunteer data collected with the Emery Method 19 on a prior UAS flight showed good
agreement in geomorphology on the transects but a persistent vertical offset that required a mathematical
correction. Lessons learned here have application to other areas, such as to Long Sands Beach in York where
intertidal UAS, MBMAP, and SMBPP surveys are part of an ongoing DEP-mandated 5-year monitoring
program adjacent to a new seawall 20, 21. Results from the intercomparison of these three data sets will be the
subject of a future MGS publication that will be a reference for future beach monitoring protocols in Maine.
Informing Dredge Activities and Disposal Siting – Kennebec River and Popham Beach
The bathymetry, backscatter, and sediment information collected through this project have been provided to the
USACE, and NOAA Fisheries for federal evaluation and consideration for two new alternative disposal sites for
nearshore placement of sand dredged from the Kennebec River. Dredging removes sand waves to enable safe
transit of Navy destroyers built and serviced at General Dynamics Bath Iron Works shipyard. Two geologically
suitable alternatives were presented to state and federal agencies February 21, 2020 for consideration in
environmental documentation for the next dredge in about two years. Using bathymetry and backscatter data
collected through this project, MGS narrowed down the geography for the alternative Jackknife Ledge site
using bathymetry, backscatter, and grain size samples in the larger area of interest. The first site is less than a
nautical mile WNW of the current Jackknife Ledge site, over a smooth sand surface, and immediately seaward
of Popham Beach State Park (Figure 7; Appendix D). The USACE Sediment Mobility Tool 22 confirmed the
selected site is shallower than the depth of closure and will disperse sand onshore. A second alternative site at
Pond Island was of local interest so that site was also surveyed as part of this project in fall 2020 and shared
with all interested parties (Appendix D; also see Figure 9 in Dickson, 2020) and will be evaluated by the
USACE, the Navy, as well as dredging companies as an additional alternative that also could disperse sand to
the state park. The Navy has taken the lead to consider one or both sites in National Environmental Policy Act
and Clean Water Act alternatives analysis they are currently developing for subsequent Coastal Zone
Management Act federal consistency determinations and future dredging efforts 23.

https://www.maine.gov/dacf/mgs/hazards/beach_mapping/index.shtml
https://seagrant.umaine.edu/extension/southern-maine-volunteer-beach-profile-monitoring-program/
19
https://en.wikipedia.org/wiki/Coastal_sediment_transport#Emory_beach_profile_measurement
20
Bangor Daily News, 2019, https://bangordailynews.com/2019/08/20/news/year-long-dispute-between-york-and-state-over-seawall-nearing-resolution/
21
Portland Press Herald, 2019, https://www.pressherald.com/2019/11/06/york-agrees-to-pay-75000-fine-for-building-seawall-without-a-permit/
22 https://navigation.usace.army.mil/SEM/SedimentMobility
23
O’Brien, K., 2019, https://www.centralmaine.com/2019/07/30/navy-seeks-10-year-permit-to-dredge-portions-of-the-kennebec-river/
17
18
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MGS then consulted with the Navy for their effort to scope the costs and benefits of adding the new site as an
alternative. The federal benefit to cost ratio (B/C) is ongoing and necessary to justify further federal sampling
and testing along with a biological assessment of the alternative site. The new site would be used for 3-6 future
nourishments over the 10-year dredging permit. If the State of Maine were to add an equivalent amount of
(upland) sand to Popham Beach State Park, the cost over 10 years would be on the order of $1,000,000 or more.
For the next dredge, sometime in the next 2-3 years, the Navy will either move forward on including the new
site selection or not based on economic, biological, and geological criteria. The work in this project provided a
preliminary suitability determination for the alternate Jackknife Ledge disposal site.
Arundel - Cape Arundel Disposal Site (CADS)
During this project, the closure of CADS at the end of December 2020 was evaluated and considered by state
and federal agencies with Congress for extension through September 2024. MBES surveys captured the
bathymetry of the disposal site and was used for state review and analysis compared to earlier USACE DAMOS
surveys (Hickey et al. 2014 24) for possible geographic expansion to increase the capacity and to identify adverse
bathymetric impacts from cumulative disposal events that “filled” the site. MGS analysis concluded that there
were no geological or geomorphological changes of significance. Muddy basins and rocky shoals remained like
the natural conditions (Figure 11). Despite some infilling of a muddy basin, the overall composition was
similar to the surrounding areas and there should be no permanent alteration of seafloor habitats.
During this project, the process of environmental review (EA FONSI 25) for a more permanent disposal site was
completed by U.S. EPA and the USACE for the Isles of Shoals North site (IOSN) in September 2020 and will
be open for use in November. This newly designated disposal area will replace CADS. The MBES survey
documented the bathymetry and backscatter of the final closure condition except for one final disposal event.
The DAMOS program will do a final bathymetric survey and grab sample analysis of the CADS site in the fall
of 2020.
Other Presentations and Outreach
Stephen Dickson presented to the State Dredge Team and observers on beach nourishment needs and (March
16, 2017), A follow-up presentation was presented to the next State Dredge Team about the Scarborough River,
Kennebec River, and Jackknife ledge (October 17, 2017). Additional interagency discussions about the
Jackknife Ledge alterative site included the Navy on September 18, 2018 with continuing discussions and two
presentations in 2020. Presentations are in Appendix D.
Stephen Dickon and Peter Slovinsky explained the merits of the Little River placement site to the USACE and
federal resource agencies on February 18, 2018. In 2019, this engagement led to further teamwork and data
sharing that led to the Little River site being considered for sand dredged from the Scarborough federal
navigation project. The USACE issued a favorable Suitability Determination for this new disposal site in 2019.
In March 2019, MGS presented project results at the Northeast Section meeting of the Geological Society of
America in Portland, Maine. The presentation included a video fly-through of the Saco beaches before beach
nourishment and an explanation of the methods and accuracy used (Slovinsky et al., 2019 26).
Hickey, K.; Carey, D. A.; Wright, C.; Germano, J. D.; Read, L. B. 2014. Data Summary Report of the Cape Arundel Disposal Site August 2013 Monitoring Survey.
U.S. Army Corps of Engineers, New England District, Concord, MA, 55 pp.
25
https://www.epa.gov/ocean-dumping/isles-shoals-north-disposal-site-iosn.
26
Slovinsky, P.A., Dickson, S.M., Rickerich, S.F., Claesson, S. and Kraun, B., 2019, From the dunes to the depths: Imaging Maine’s beaches to understand sediment
movement and further beach resiliency, Geological Society of America Abstracts with Programs, v. 51, n. 1, ISSN 0016-7592, doi: 10.1130/abs/2019NE-328380
https://gsa.confex.com/gsa/2019NE/meetingapp.cgi/Paper/328380
24
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Peter Slovinsky presented initial findings from the Saco study area to the Saco Shoreline Commission
(12/11/2019) and subsequently updated the Commission on 11/12/2020. Slovinsky also used data generated
from this project to update the Pillsbury Shores Association (homeowners’ association in Pine Point,
Scarborough) on shoreline change issues being observed at Pine Point Beach (9/21/2020).

B. Kraun, MCMI, 2018
Figure 11. The Cape Arundel Disposal Site is marked by the black circle. Unlike the geologic structure of shallow nearshore beach sites, this location
has bedrock shoals and deeper muddy basins. Backscatter was also collected. Depths are in meters relation to Mean Lower Low Water.
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APPENDICES
Appendix A – Topographic and Bathymetric Beach Change Analyses for Wells, Saco
and Scarborough study areas (Maine Geological Survey)
Appendix B – Topographic Beach Change Analyses for Wells, Saco and Scarborough
study areas (Nearview, LLC)
Appendix C – Sediment and Benthic Fauna Characterization at Four Maine Beach
Areas and a Potential Dredge Disposal Site (Maine Geological Survey and Maine
Coastal Program)
Appendix D – Bathymetric Change and Sand Dynamics in the Kennebec River and
Offshore Popham Beach (Maine Geological Survey and Maine Coastal Program)
Part 1. Bathymetric Change and Sand Dynamics in the Kennebec River
Part 2. Beach Nourishment and Sand Dynamics off Popham Beach
Part 3. Presentations
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Appendix A
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Appendix A – Topographic and bathymetric beach change analyses for Wells, Saco, and Scarborough
study areas

Introduction

MGS completed topographic and volumetric change detection analyses on UAS, NSS, and MBES gridded surfaces using
the Geomorphic Change Detection (GCD) software for ArcGIS developed by the Riverscapes Consortium. For each study
area, Area of Interest (AOI) masks were established for each survey dataset (UAS, NSS, and MBES). Masks were created
so that there was slight overlap between the different datasets. These AOIs were used as the basis for performing
change detections for area, volume, and vertical averages, and differ slightly from the AOIs used in Appendix B (UAS
surveys only). Difference surfaces were created for each dataset and each season. A vertical threshold of ±10 cm was
used to account for uncertainty in gridded surfaces. Although every effort was made to collect datasets as close to each
other as possible, this was not possible due to a variety of reasons (field conditions, equipment issues, COVID pandemic).
Note that no spring/early summer 2020 NSS or UAS data was collected at any of the study areas due to the COVID
pandemic. Thus, data varied by season, as shown in Table 1. MGS also investigated bathymetry at a potential nearshore
placement site along Old Orchard Beach, described below.
Wells
UAS
NSS
Late Summer/Fall - 2018
10/1 8/9-8/10
Spring/Early Summer - 2019 3/26 8/12-8/13
Late Summer/Fall - 2019
10/3 9/25,11/23
Spring/Early Summer- 2020 N/A
N/A
Late Summer/Fall - 2020
9/15 8/21,8/23
Season - Year

MBES
8/9
6/19
9/9
6/16
8/19

Saco
Scarborough
UAS
NSS
MBES
UAS
NSS
MBES
10/5
8/27-9/5
N/A
10/4
8/17-8/24
8/30
3/27
7/25-7/31
5/3,5/9
3/29 6/24-6/28,7/16,8/5-8/7
6/4
10/24 10/30, 11/7, 11/14-11/15 9/19,9/27,10/8 10/25 9/23-9/24,9/27,10/29
10/14
N/A
N/A
5/18,5/25
N/A
N/A
6/4,6/8,6/9
9/18
8/24-8/26,9/9
N/A
9/17
8/14-8/15,8/20,8/26
10/5

Table 1. Time of year for Unmanned Aircraft Systems (UAS), Nearshore Survey System (NSS), and Mulitbeam Echosounder (MBES) surveys for the
three study areas.

Beneficial reuse of dredged materials in the study areas
Two of the three study areas received either nearshore placement (Wells, June 2018 and July 2020) or direct beach
nourishment (Saco, March 2019) by the US Army Corps of Engineers (USACE) during the project study period. Western
Beach at the Scarborough River received beach nourishment in April 2015 (Table 2).

Study Area
Volume (yd3) Volume (m3) Disposal Month - Year Placement
Wells Beach, Wells
30,000
22,937
June - 2018 Nearshore
Wells Beach, Wells
20,000
15,291
July - 2020 Nearshore
Camp Ellis Beach, Saco
62,000
47,402
March - 2019 Onshore
Western Beach, Scarborough
116,325
88,937
April - 2015 Onshore
Table 2. Information on beneficial reuse of dredged materials within the study areas during or just prior to the project study period.

Results
Results from change analyses for each collected data set are presented below for the different study areas. For each
study area and as data was available, topographic (and volumetric) change comparisons were developed for:
•
•

Late Summer/Fall 2018 to Spring/Summer 2019;
Spring/Summer 2019 to Late Summer/Fall 2019;

1

•
•
•

Late Summer/Fall 2019 to Spring/Summer 2020;
Spring/Summer 2020 to Late Summer/Fall 2020; and
Late Summer/Fall 2018 to Late Summer/Fall 2020.

Images showing observed topographic changes and tables summarizing topographic, volumetric, and vertical changes
are provided for each study area.
Wells Beach, Wells, ME – the Wells Beach study area extended approximately 1,700 m south from the southern jetty of
the Webhannet River to Casino Point and extended about 900 m offshore to depths ranging from -8 to -10 m NAVD. It
included UAS, NSS, and MBES AOIs.
Late Summer/Fall 2018 to Spring/Summer 2019 - NSS and MBES surveys were completed in late summer (August 2018),
about 8 weeks after completion of a dredge of the Webhannet River Channel and nearshore placement of dredged
materials (June 2018, approximately 30,000 yd3, 22,937 m3, placed in the NSS and MBES AOIs). The UAS survey was
completed in October 2018. An UAS survey was completed in March 2019, but MBES data was not collected until June
2019 and NSS data not until August 2019 due to equipment difficulties and weather. Volumetric and vertical loss was
noted in all AOIs (Figure 1, Table 3). The UAS AOI mostly lost sediment with a slight gain near the jetty. In the NSS AOI,
volumetric gains were noted in the nearshore in the form of bars (possibly from redistribution of disposed sediments),
but the AOI mostly lost sediment. In the MBES area, losses occurred near the disposal area and closest to the southern

Figure 1. Vertical elevation changes for Wells Beach, Wells (late summer/fall 2018 to spring/summer 2019).

2

Table 3. Areal, volumetric, and vertical difference changes for Wells Beach, Wells (late summer/fall 2018 to spring/summer 2019).

jetty. The overall AOI lost over 107,000 m3 of sediment, with an average vertical loss of -0.15 m. Such changes are not
surprising; most of Maine’s later winter/spring beaches undergo sediment loss from the dry beach/berm and storage in
in nearshore bars.
Spring/Summer 2019 to Late Summer/Fall 2019 – Subsequent late summer/fall 2019 UAS data was collected in early
October, NSS data in late September and late November, and MBES data in mid-September. UAS data showed dramatic
volumetric gains along the entire beach area, likely due to nearshore placement material coming to the beach and
seasonal beach growth (Figure 2, Table 4). The NSS AOI showed loss along the beach, gains in nearshore bars, with an

Figure 2. Vertical elevation changes for Wells Beach, Wells (spring/summer 2019 to late summer/fall 2019).
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Table 4. Areal, volumetric, and vertical difference changes for Wells Beach, Wells (late summer/fall 2018 to spring/summer 2019).

overall slight gain. This difference from the UAS data was likely caused by a delay in completion of NSS surveys until
mid-November, and after a storm event. MBES data indicated positive volumetric gains in the offshore. Overall AOI
changes were net positive with a gain of almost +85,000 m3 and an average vertical difference of +0.17 m.
Late Summer/Fall 2019 to Late Summer/Fall 2020 – No spring/early summer UAS or NSS data was collected. In July
2020, an additional 20,000 yd3 (15,291 m3) of sediment was disposed in the nearshore off the beach, in the NSS AOI.
UAS data was collected in September, and NSS and MBES data in August. UAS data showed consistent losses along the
beach, while NSS AOI showed large net gains in the nearshore, closer to the beach and towards the jetty, with some
trough formation adjacent to the beach (Figure 3). MBES data showed losses in the offshore, closest to the Webhannet
River jetties. Net volume changes were just over +102,000 m3, with a net vertical difference of +0.12 m (Table 5).

Figure 3. Vertical elevation changes for Wells Beach, Wells (late summer/fall 2019 to late summer/fall 2020).
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Table 5. Aerial, volumetric and vertical difference changes for Wells Beach, ME (late summer/fall 2019 to late summer/fall 2020).

Late Summer/Fall 2020 – This comparison is between the first and last surveys conducted during the study period and
includes the placement of approximately 50,000 cubic yards of dredged sediment in the nearshore on 2 separate
occasions (June 2018 and July 2020). UAS data indicated a positive net volumetric gain along the beach of over +22,000
m3, with losses in the southwest but gains to the north (Figure 4 and Table 6). UAS data had the largest individual
vertical change (+0.32 m) and largest net positive vertical change (+0.15 m) over the 2-year period. In the NSS AOI, a net
positive gain of almost +51,000 m3 occurred, with the highest gains along the beach zone and near the disposal area.
Losses due to trough formation occurred in between. The average net vertical difference, however, was only +0.09 m

Figure 4. Vertical elevation changes for Wells Beach, Wells (ate summer/fall 2018 to late summer/fall 2020).
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Table 6. Areal, volumetric, and vertical difference changes for Wells Beach, Wells (late summer/fall 2018 to late summer/fall 2020).

indicating changes were spread out along the study area. Net loss of almost -9,000 m3 occurred in the MBES AOI. The
overall net volume change was +63,000 m3, with a very slight average vertical difference of +0.08 m.
Findings
Significant vertical and volumetric changes occurred within the UAS and NSS AOIs, with vertical changes of up to a meter
or more occurring along the beach and in the nearshore. Large percentages of the AOIs had detectable changes, with
UAS and NSS AOIs averaging 66% and 63%, respectively. This is not necessarily surprising given that these are more
dynamic, wave and current influenced areas of the study area. Positive influence from nearshore sediment disposal of
about 50,000 yd3 (38,228 m3) was evident in both AOIs.
Relatively large (over 10,000 m3) volumetric changes were observed in the MBES AOI, mostly concentrated within a
small portion of the AOI (accounting for an average of 16% of the AOI), adjacent to the Webhannet River jetties. The
rest of the MBES AOI underwent no significant detectable changes. Observed changes in the MBES AOI are likely related
to sediment storage/loss associated with the Webhannet River ebb tidal shoal. This indicates that MBES maximum
survey depths of -9 m NAVD captures most beach change and may indicate the approximate depth of closure along
Wells Beach. See the section on morphogically defined depth of closure (MDDOC) discussed later.
Beach Management Implications
Surveys along the Wells Beach study area indicated that most topographic changes were located within the UAS and NSS
AOIs, with a smaller portion of the MBES AOI (nearer to the jetties and the ebb-tidal shoal of the Webhannet River)
showing changes outside of threshold values. Two nearshore placements (June 2018 and July 2020) totaling 50,000 yd3
of dredged material placed in generally the same areas resulted in positive net changes for most of the study area and
study time periods, except for Late Summer/Fall 2018 to Spring/Summer 2019. This time period resulted in a large net
loss and it was not clear where within the beach system sediment migrated to – possibly laterally, along the beach or
into the ebb-tidal shoal at the mouth of the river. However, large net gains in subsequent surveys showed that
sediment returned to the study area, in addition to material placed in a subsequent disposal (July 2020). Volumetric
changes in the study area exceeded 100,000 m3 were observed, indicating that the beach can exchange very large
volumes of sediment from season-to-season or year-to-year.
Previous larger dredges (exceeding 100,000 yd3) of the Webhannet River were part of beach nourishment projects,
resulting in a more direct benefit to the terrestrial beach. This study indicates that nearshore placement has a positive
net benefit to the Wells beach system. The disposal area used in 2018 and 2020 appears to be effective in allowing
sediment to migrate landward on the beach profile. The role that the ebb-tidal shoal of the Webhannet River might play
in seasonal storage of sediment is one that may need to be investigated further in order to fully understand sediment
migration in the Wells Beach study area. The Town of Wells should coordinate with property owners on the timing of
dune planting/restoration in order to capitalize on the timing of any nearshore placement efforts in the future.
6

Saco Beaches, Saco, ME – the Saco study area extended 3,800 m north from the northern jetty of the Saco River to
Goosefare Brook and between 550 and 1,750 m offshore to depths ranging from -6 m at its northern end (near
Goosefare Brook) to -12 m NAVD at its south central point. It included UAS, NSS, and MBES AOIs.
The timing of surveys along Saco beaches varied. UAS and NSS data collection occurred in each time period except for
Spring/Summer 2020 due to the COVID pandemic. NSS data collection took, on average, around 4-5 total survey days,
which was significantly impacted by weather and spread data collection over long periods of time. MBES surveys were
only completed in Spring 2019, Fall 2019, and Spring 2020. This impacted data comparison between all three AOIs.
Late Summer/Fall 2018 to Spring/Summer 2019 – NSS data was collected in late August to early September, while UAS
data was collected in early October 2018. No MBES data was collected in late summer/fall 2018. Over the winter of
2019, the Saco River was dredged (ending in March 2019) and 62,000 yd3 (47,402 m3) of sediment was placed adjacent
to the northern jetty of the Saco River. Subsequent UAS data collection occurred in the end of March 2019, and MBES
data was collected in early May 2019. Unfortunately, equipment problems delayed NSS data collection until July 2019.
Large (>1.5 m) elevation gains along the beach nearest the northern jetty were noted in the UAS AOI, some slight gains
along the low tide terrace along the beach, and gains in the low tide terrace near Goosefare Brook (Figure 5). The
largest elevation losses in the UAS AOI were in front of a seawall at the central portion of the beach, and in the dune
area near the Goosefare Brook spit. The UAS AOI had a net gain of almost +44,000 m3 with an average vertical
difference of +0.18 m (Table 7). The NSS study area showed detectable losses which were largest adjacent to the jetty,

Figure 5Test
5. Vertical elevation changes for Saco Beaches, Saco (late summer/fall 2018 to late summer/fall 2020).
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Table 7. Areal, volumetric, and vertical difference changes for Saco beaches, Saco (late summer/fall 2018 to spring/summer 2019).

and off Goosefare Brook, with a net volumetric loss of -42,000 m3, which almost perfectly balances the net gain along
the beach in the UAS AOI. This indicates a generally balanced, seasonal shift of sediment within the study area over this
time period.
Spring/Summer 2019 to Summer/Fall 2019 – UAS data was collected at the end of October 2019. NSS data was collected
in late October to mid-November. MBES data was collected in mid-September and early October.
Changes in the UAS AOI showed large (>1.5 m) losses adjacent to the jetty and losses in the south-central and northern
portions of the beach (Figure 6). Gains along the beach north of the disposal area indicated that sediment moved to the
north. A net volumetric loss of -38,000 m3 occurred, and about 76% of the AOI underwent detectable change (Table 8).

Figure 6. Vertical elevation changes for Saco beaches, Saco (late summer/fall 2018 to spring/summer 2019).
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Table 8. Areal, volumetric, and vertical difference changes for Saco beaches, Saco (spring/summer 2019 to late summer/fall 2019).

The NSS AOI showed 34% detectable change, and an overall net volumetric loss of over -78,000 m3. MBES AOI indicated
1% detectable change. An overall loss of over -114,000 m3 occurred though vertical differences were quite small (-0.11
m).
Summer/Fall 2019 to Summer/Fall 2020 – No spring/summer 2020 UAS or NSS data was collected. Summer and fall
2020 UAS data were collected in mid-September and late August to mid-September for the NSS. No MBES data was
collected in late summer/fall 2020. UAS data had 72% detectable change, with a net volume gain of over +15,000 m3
(Figure 7, Table 9). Large beach elevation losses (>1m) occurred within 600 m of the jetty, indicating northward
distribution of sediment.

Figure 7. Vertical elevation changes for Saco beaches, Saco (late summer/fall 2019 to late summer/fall 2020).
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Table 9. Areal, volumetric, and vertical difference changes for Saco beaches, Saco (late summer/fall 2019 to late summer/fall 2020).

Elevation gains up to +1.5 m occurred along most Saco beaches, concentrated just north of the end of the seawall, and
along beaches in the northern half of the study area (to Goosefare Brook). The NSS AOI showed 62% detectable change,
with an extremely large net volume increase of over +227,000 m3, and an average net vertical difference of +0.16 m
indicating that most changes were small and spread out in the AOI. Gains were noted adjacent to the jetty in a waffle
pattern (due to wave reflection and refraction off the jetty), and in the nearshore for the northern half of the NSS study
area up to near Goosefare Brook. This net volume increase was larger than expected.
Summer/Fall 2018 to Summer/Fall 2020 – The UAS AOI showed 72% detectable change, with a net volume increase of
over +19,400 m3. Influence from the spring 2019 beach nourishment was evident in the largest gains along the beach
nearest the jetty (where disposal occurred), north of the end of the seawall, and in the northern third of the beach up to

Figure 8. Vertical elevation changes for Saco beaches, Saco (late summer/fall 2018 to late summer/fall 2020).
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SACO BEACHES, SACO
Late Summer/Fall 2018 to
Late Summer/Fall 2020

AREAL
Total Area of
Interest (m²)

NSS
UAS
Total of All Compared

VOLUMETRIC
VERTICAL DIFFERENCE
AOI % with Total Net Volume Difference Average Net Thickness of
Detectable
(m³)
Difference (m)
Change
Thresholded
Error
Thresholded
Error
2350092
35%
42783.52
± 63,584
0.05
± 0.08
327564
72%
19492.21
± 16,698
0.08
± 0.07
2677656
62275.73
± 79,562
0.06
± 0.07

Table 10. Areal, volumetric, and vertical difference changes for Saco beaches, Saco (late summer/fall 2018 to late summer/fall 2020).

Goosefare Brook (Figure 8, Table 10). Overall NSS volumetric gains exceeded +42,700 m3, though vertical differences
were within the error. Combined, NSS and UAS data showed a net positive volume increase of over 62,000 m3. This
positive change correlates relatively well with the 62,000 yd3 (47,402 m3) beach nourishment project completed in
winter/spring 2019 plus a potential high end of annual sediment supplied from the Saco River (Kelley et al., 2005).
Findings
Direct beach nourishment (62,000 yd3, 47,402 m3) showed a clear benefit along Saco beaches, although it appears that it
took approximately 19 months for sediment to redistribute from the nourishment site up to Goosefare Brook, mostly
along the nearshore and upper beach. However, all the sediment placed along the northern end of the jetty was
removed during redistribution, so the benefit to this immediate area (from beach nourishment) was short-lived.
Changes from late summer/fall 2019 to late summer/fall 2020 indicated an extremely large gain of net sediment volume
(+227,000 m3) in the nearshore (NSS AOI). This volume is much larger than expected from previous studies on expected
annual sediment transport and sediment budgets, which ranged from 20,000 to about 80,000 yd3 of sediment (Kelley et
al., 2005; Morang, 2016). Closer inspection indicate that volumetric errors were quite large (±137,470 m3) and that the
net vertical difference (over the entire NSS AOI) was only +0.16 m (±0.09 m). Accuracy checks of collected NSS data (in
overlap areas with UAS data on hard grounds) indicated that no systematic NSS errors could account for this volume
difference. Although summer and fall 2020 had optimal conditions for beach growth, it is currently unclear to us where
this excess volume of sediment in the nearshore originated from.
From fall 2018 to fall 2020, the study area underwent a net positive volume increase of +62,276 m3 (81,454 yd3). This
net volume is close to the combined volume of sediment placed as beach nourishment (62,000 yd3 or 47,402 m3) in late
winter/spring 2019, plus estimated annual sediment volumes from the Saco River, which range from 13,000 to 20,900
yd3 per year (Normandeau Associates, 1994).
Beach Management Implications
Survey results showed that beach nourishment placed adjacent to the southern jetty in late winter/spring 2019 had a
net benefit to the entire stretch of Saco beaches by late summer/fall 2020. The relatively small (62,000 yd3) volume of
sediment placed as beach nourishment is still roughly 3 to 5 times larger than the historic annual sediment supply from
the Saco River. Because the sediment budget of the beach along the first few hundred meters north of the jetty at the
Saco River is generally negative (due to continued erosion of the beach on the order of -20,000 yd3 per year; Morang,
2016), nourished sediment dispersed rather quickly (within about a year-and-a-half) from the nourishment site, offering
only limited benefit within the first several hundred meters along the beach.
Similar to the most recent dredge/nourishment project, future dredges of the Saco River should consider relatively
substantial overfill of the beach nourishment area (vertically and horizontally) in order to help balance the generally
negative sediment budget, provide immediate protection to at-risk development along the beach, and to maximize
dispersal time along the remainder of Saco beaches. The City of Saco should coordinate with private property owners to
plan on timing dune restoration/planting efforts post-nourishment in order to maximize sediment lifetime on the beach.
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Scarborough River Beaches, Scarborough, ME – this study area includes: Pine Point Beach, which extends 715 m south of
the jetty at the Scarborough River; Ferry Beach, a 1,000 m long arcuate beach within the Scarborough River estuary; and
Western Beach, a 1,000 m beach fronting the Prouts Neck Country Club. NSS surveys extended seaward from Pine Point
Beach approximately 900 m, and approximately 600 m seaward of Western Beach. MBES surveys continued an
additional 650 m seaward from Pine Point. NSS and MBES surveys captured sections of the ebb tidal shoal/bar system.
Depth in the NSS survey area reached about -6 m (in the river channel), while MBES data reached about -11 m NAVD88.
Pine Point, Ferry Beach, and Western Beach were combined into one larger AOI for this analysis.
Late Summer/Fall 2018 to Spring/Summer 2019 –NSS and MBES data was collected in late August 2018, while UAS data
was collected in early October. Note that no UAS data was collected along Western or Ferry Beach in late summer/fall
2018, only at Pine Point Beach. For spring/summer 2019, UAS data for all three beaches was collected in the end of
March. MBES data was collected in June and NSS data was collected between June and August.
UAS data (available at Pine Point Beach only) showed a detectable change of 52% and net volumetric loss of over -8,515
m3 of sediment with an average vertical difference of -0.17 m (Figure 9, Table 11). In the NSS AOI, detectable change
was 55% of the AOI and the nearshore underwent volumetric loss of -78,830 m3, with a thresholded vertical difference
of -0.10 m. In the NSS AOI, gains were noted in the ebb-tidal sandbar seaward of Pine Point, and in the Scarborough

Figure 9. Vertical elevation changes for Scarborough River beaches, Scarborough (late summer/fall 2018 to late summer/fall 2020).

River channel. Slight losses were seen in the flood tidal shoal along Ferry Beach and along Western Beach. Seaward of
Pine Point Beach, losses dominated though small pockets of gain did occur closer to the beach. MBES AOI underwent
12

SCARBOROUGH RIVER
BEACHES, SCARBOROUGH

VOLUMETRIC
VERTICAL DIFFERENCE
AREAL
Total Area of AOI % with
Average Net Thickness of
Total Net Volume
Late Summer/Fall 2018 to
Interest (m²) Detectable
Difference (m)
Difference (m³)
Spring/Summer 2019
Change
Error
Thresholded
Error
Thresholded
MBES
443328
9%
-2914.69
± 3,333
-0.07
± 0.08
NSS
1436500
55%
-78830.02 ± 63,938
-0.10
± 0.08
± 3,638
-0.17
± 0.07
UAS
94900
52%
-8515.69
-0.10
± 0.08
Total of All Compared
1974728
-90260.40 ± 70,824
Table 6. Areal, volumetric, and vertical difference changes for the Scarborough River beaches, Scarborough (late summer/fall 2018 to
spring/summer 2019).

only 9% detectable change, accounting for approximately -2,900 m3 but vertical differences were negligible. Combined,
the Scarborough River AOI underwent -90,260 m3 of volumetric loss, with an average net vertical difference of -0.10 m.
Spring/Summer 2019 to Late Summer/Fall 2019 – UAS and MBES data was collected in late summer/fall 2019 (in
October); NSS data was collected along Ferry Beach and Western Beach, but unfortunately, due to weather and tides, no
NSS data was collected at Pine Point. UAS data had 50% detectable change and showed a gain of +13,736 m3 and +0.14
m vertical difference, most of concentrated along Pine Point Beach (Figure 10, Table 12). NSS data (for Western and

Figure 10. Vertical elevation changes for Scarborough River beaches, Scarborough (late spring/summer 2019 to late summer/fall 2019).
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Table 12. Areal, volumetric, and vertical difference changes for Pine Point Beach, Scarborough (spring/summer 2019 to late summer/fall 2019).

Ferry Beaches) showed a net loss of -19,528 m3, with the larger changes within the river channel and at the ebb-shoal
sandbar. Most of the changes along Western Beach and Ferry Beach were minimal (within the threshold). MBES data
showed 18% detectable changes totaling +5,131 m3. Combined (excluding Pine Point NSS data which was not collected)
net volume changes were only slightly negative.
Late Summer/Fall 2019 to Late Summer/Fall 2020 – Along Pine Point, no data was collected in late summer/fall 2019, so
no comparison is available. UAS, MBES and NSS data was collected for the rest of the AOI. Overall, the UAS AOI had
55% detectable change and showed a net loss of -7,010 m3 (Figure 11, Table 13) with the highest vertical loss at the

Figure 11. Vertical elevation changes for Scarborough River beaches, Scarborough (late summer/fall 2019 to late summer/fall 2020).
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Table 13. Areal, volumetric, and vertical difference changes for Pine Point Beach, Scarborough (late summer/fall 2019 to late summer/fall 2020).

dune adjacent to the jetty at Pine Point Beach, and consistent beach loss along Western Beach. Along Ferry Beach, loss
occurred near the point, and gains occurred at its western end. In the NSS AOI (excluding Pine Point due to no data from
Fall 2019), 37% showed detectable change, with large gains in the ebb-tidal sandbar and within the river channel and
losses at the seaward end of Western Beach. Overall NSS changes reached +34,600 m3 with a net vertical gain of +0.13
m in the AOI. MBES data showed a net change of -885 m3 with minimal net vertical differences. Overall, the AOI gained
over +42,800 m3, concentrated in the river channel, flood tidal shoal, and ebb-tidal shoal/sandbar.
Late Summer/Fall 2018 to Late Summer/Fall 2020 – No UAS data was collected in fall 2018 at Western Beach or Ferry
Beach and was not included in this analysis. For the combined two-year study period, the UAS AOI (at Pine Point Beach)
underwent loss of -4,941 m3, with largest losses nearest the jetty at the Scarborough River. In the NSS AOI, net
volumetric losses totaled -39,500 m3. These were concentrated mostly in the NSS study area off Pine Point and Western
Beach. Gains were within the river channel and in the ebb-tidal sandbar. It appears that sediment loss from Pine Point
and Western Beach is potentially sequestered in the ebb-tidal sandbar. MBES data indicated the largest gains (+1,275
m3) just off Prouts Neck, at the seaward end of the river channel. Vertical differences for all data types were within
thresholded errors. The rest of the AOI showed little changes (Figure 12 and Table 14).
Findings
Beaches in the vicinity of the Scarborough River act quite differently than the more open coast beaches of Wells and
Saco, and their changes are driven strongly by three factors: 1) Scarborough River tidal dynamics and sediment
transport; 2) alongshore sediment transport; and 3) wave focusing (at Pine Point). Pine Point Beach saw alongshore
dominated gains at its southern end; however, closer to the jetty, it saw elevation losses, likely associated with sediment
movement by Scarborough River tidal currents and loss to the river channel/ebb-tidal sandbar. The largest consistent
volumetric changes occurred in the river channel and in the ebb-tidal shoal/sandbar, which appears to receive sediment
from both Western Beach and Pine Point Beach. The western end of Ferry Beach appears to have gained sediment,
while the central section lost. Western Beach, which was the location of beach nourishment in 2015, has undergone
relatively consistent losses in the beach and nearshore over the project study period.
Beach Management Implications
Erosion at these beaches is a complex process dominated by Scarborough River currents. Historical analyses of beach
changes at Pine Point and Western Beach (Woods Hole Group, 2013) show that long-term shoreline changes (18641998) at both were generally positive. More recent shoreline change data (Slovinsky et al., 2019; Slovinsky, 2020a) show
largely negative changes along both the beach and dune of these beaches. Survey results indicate that sediment
removed from both beaches is likely stored in the ebb-tidal sandbar off Pine Point and within the river channel, not
necessarily within the large flood tidal shoal located off Ferry Beach. Past studies (Slovinsky, 2006) suggest that shoal
bypassing from the ebb-tidal shoal/sandbar to Western Beach was a dominant source of sediment to the beach, and
jetty construction and previous dredging (and removal of sand from the system) led to continued erosion.
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Figure 12. Vertical elevation changes for Scarborough River beaches, Scarborough (late summer/fall 2018 to late summer/fall 2020).

Table 14. Areal, volumetric, and vertical difference changes for Pine Point Beach, Scarborough (late summer/fall 2018 to late summer/fall
2020).

Because the channel is maintained by dredging, Western Beach does not appear to naturally receive needed sand at a
regular interval to maintain a healthy beach and dune aside from sediment that is placed through beach nourishment
(Slovinsky, 2011; 2014). In the 2015 beach nourishment design at Western Beach, MGS worked with Woods Hole Group
and the USACE to optimize the previous (2005 nourishment) design. This included a higher (12-foot MLLW) and wider
berm (150 feet at its widest point, tapering to narrower beach at the edges) and a longer overall nourishment project.
This helped optimize recreational, habitat-related, and protective beach space along the beach and appears to be
holding up better than the previous design. It is suggested that future dredging of the Scarborough River place sediment
16

directly onto Western Beach to maintain the beach and habitat. The Town of Scarborough should work with the Prouts
Neck Country Club (who owns Western Beach) to ensure that dune restoration is performed when beach nourishment
occurs.
Erosion at Pine Point Beach appears to be caused by tidal inlet dynamics combined with nearshore bathymetry which
can focus wave attack (Slovinsky, 2020b). Surveys from this study indicate that sediment eroded from the beach
(especially nearest the jetty) appears to be moved into the river channel and the ebb-tidal sandbar. Complicating
management of the Pine Point Beach area is a 1973 conservation easement which would limit dune restoration or beach
nourishment in an approximate 2,000-foot section of the beach. The Town of Scarborough should consider working
with the USACE and the Town of Old Orchard Beach to consider nearshore placement of dredged sediment from the
Scarborough River in an area off Old Orchard Beach (see next section, Old Orchard Beach Potential Nearshore Placement
Site).
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Old Orchard Beach Potential Nearshore Placement Site – At the request of the USACE, MGS suggested a secondary
location for nearshore placement of sediment associated with future dredging of the Scarborough River. This was
requested due to concerns about increased erosion along Pine Point Beach, and current limitations (due to a longstanding conservation easement) on sand placement activities within 2,000 feet of the Scarborough River jetty.
MGS located a site just seaward and north of the pier at Old Orchard Beach, near Little Rock, as a potential site for
nearshore placement. The site is approximately 3.3 km southwest of Pine Point Beach. This location was chosen to
provide a sediment budget benefit to the beaches along northern Old Orchard Beach and eventually Pine Point Beach in
Scarborough. Previous studies (Kelley et al., 2005; Woods Hole Group, 2013; Morang, 2016) suggest that alongshore
currents will likely redistribute sediments placed in this area northwards into the Pine Point Beach littoral cell.
In early July 2018, MGS captured nearshore bathymetry in the vicinity of Little River Rock (Figure 13) to provide
preliminary site information to the USACE. The survey found relatively smooth beach contours into the offshore, with
depths ranging from -4 m to -7 m NAVD88, appropriate for nearshore placement with a barge.
Management Implications
Should the USACE consider nearshore placement of dredged materials at this location, the Town of Old Orchard Beach
and the Town of Scarborough should consider working with property owners to be prepared for dune restoration,
American beach grass planting, and sand fencing activities in order to maximize sediment trapping potential as the
sediment migrates northwards into Pine Point.

Figure 13. Bathymetry in the vicinity of the potential Little River Rock nearshore placement site, Old Orchard Beach, ME.
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Summary for All Study Areas
All three beaches (in all 3 AOIs except for UAS in Saco, which was influenced by beach nourishment) underwent loss
from fall 2018 to spring 2019. It is expected that the subaerial beach would undergo loss from fall (when beach berms
are most developed) to spring (when sediment builds up into nearshore bars). We would thus expect to see losses in
the UAS AOIs but gains in the NSS and possibly MBES areas (as sediment moved and was stored offshore). Similarly,
from spring to fall, we would expect gains in the subaerial beach, possible gains in the nearshore, but losses from farther
offshore as sediment moved landward due to calmer summer and fall conditions. This seasonal trend is observed along
Wells Beach, but not along Saco or Scarborough beaches (Table 15).
Change Detection Period
Late Summer/Fall 2018 - Spring/Summer 2019
Spring/Summer 2019 - Late Summer/Fall 2019
Late Summer/Fall 2019 - Late Summer/Fall 2020
Late Summer/Fall 2018 - Late Summer/Fall 2020

Wells
UAS NSS MBES TOTAL UAS





















Saco
Scarborough
NSS MBES TOTAL UAS NSS MBES TOTAL

X













X





X







LEGEND
 Net erosion
 Net accretion
net thresholded volume difference is below the calculated error

X no data collected for this time period
Table 15. Summary erosion and accretion trends for the different change detection periods at each study area. Gray boxes indicate that volume
differences are below the calculated error.

It appears that Wells and Saco underwent more similar changes than Scarborough. In terms of dominant processes of
sediment transport and erosion, this makes sense. Both Wells and Saco are more open to direct wave attack, onshoreoffshore and alongshore sediment transport than the Scarborough beaches. Changes at the Scarborough beaches,
especially Ferry and Western Beach, are driven more by tidal inlet dynamics. Pine Point Beach is more exposed to wave
attack, though it is also heavily influenced by tidal currents (Slovinsky, 2020a).
Both Wells and Saco beaches received either nearshore placement (Wells, June 2018, July 2020) or beach nourishment
(Saco, March 2019). This beneficial reuse of dredged materials clearly had a positive influence in the UAS and NSS AOIs
through fall 2020. Western Beach in Scarborough was nourished in 2015, but has been eroding relatively consistently
since (Slovinsky, 2019; Slovinsky, 2020). Erosion trends in the Scarborough River beaches AOI are more driven by
Scarborough River tidal inlet dynamics than open beach erosion/accretion (like Wells and Saco).
Morphologically Defined Depth of Closure (MDDOC) Analysis
According to Kraus (1998), the depth of closure (DOC) “…is the most landward depth seaward of which there is no
significant change in bottom elevation and no significant net sediment transport between the nearshore and the
offshore.” It is an important proxy in determining maximum depths where nearshore placement materials may still be
kept within the beach system, and varies based on wave height, wave period and grain size.
Depths of closure is estimated by the USACE’ Coastal Inlets Research Program for different regions of the United States
at Wave Information Study (WIS) stations using several different equations that account for nearshore wave height,
period, and grain size. Two WIS stations (63038 and 63041) are located near the study areas. Site 63038 is north of the
Scarborough River study area at the northern end of Saco Bay and Site 63041 is off Wells Beach. Cumulative WIS data
for applicable stations was downloaded (in reference to MLW) and converted to NAVD88 using NOAA’s VDATUM. Using
a range of DOC calculation equations (variations of Hallermeier, 1981 and Birkemeier, 1998), the predicted depth of
closure would vary as shown in Table 16.
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Equation
Birkemeier (1998)
Birkemeier simplified (1998)
Hallermeier (1981)
Hallermeier simplified (1998)

Estimated Depth of Closure (m, NAVD88)
Wells
Saco
Scarborough
-5.4
-5.3
-5.3
-5.5
-5.3
-5.3
-7.6
-7.4
-7.4
-6.6
-6.6
-6.6

Table 16. Estimated depth of closure (in m, NAVD88) at each study area using equations from the USACE and nearest available cumulative WIS
data.

Additionally, Depths of closure in the Saco Bay area have also been estimated by the USACE using more detailed
analyses (Woods Hole Group, 2013; Morang, 2016) to be -28 ft MLW (-7.1 m NAVD).
Based on analysis of MBES and NSS data, it appeared that most vertical changes below the ±10 cm threshold of change
fell within the MBES AOIs as opposed to NSS or UAS areas. For the purpose of examining morphologically defined
depths of closure, available MBES data were used. MBES raster data where the highest detectable change exceeded the
thresholded error (±10 cm) was used to erase areas in the AOI to create an “area of minimal change” polygon. This
polygon was then overlain onto the appropriate MBES DEMs and associated depths were extracted to determine an
average depth where minimal changes occurred. Results from this analysis are shown below in Table 17.

Estimated Morphologically Defined
MBES % AOI
Closest
Depth of Closure (MDDOC) in MBES
Difference
Closest Closure
Calculated
Study Area with changes
AOIs (m, NAVD88)
(m)
Depth equation
Closure Depth
below ±10 cm
Mean
Max
Min StdDev
-7.6
-1.5 Hallermeier (1981)
0.79
-9.1
Wells
79%
-10.7
-5.9
2.35
-7.6
-7.4
-0.2 Hallermeier (1981)
Saco
99%
-13.5
-4.7
-7.4
-1.2 Hallermeier (1981)
1.38
-8.6
Scarborough
77%
-11.7
-5.0
Table 17. Estimated depth of closure for study areas based on morphological changes in the MBES AOIs.

Minimum depth values from the MDDOC (-4.7 m to -5.9 m) match relatively well with Birkemeier (1998) derived DOCs (5.3 to -5.4 m). However, in each study area, there were large pockets of notable changes that exceeded these depths.
Thus, mean MDDOC values were chosen for comparison with calculated DOC values.
The Saco study area had the closest relationship between morphologically defined DOC (-7.6 m NAVD) and predicted
DOC (-7.4 m NAVD). However, note that the standard deviation was quite high, and distribution of the values was
negatively skewed. The morphologically calculated depth is also closely related to the predicted DOC from Morang,
2016 (-7.1 m NAVD). The Hallermeier (1981) equation, which follows, matched the MDDOC most closely.

� s + 5.6σs
HЄ = 𝐻𝐻
�
𝐻𝐻s = mean significant wave height
TЄ = period associated with HЄ
g = acceleration of gravity
�s
σ = standard deviation of 𝐻𝐻
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For the Wells and Scarborough study areas, depth of closure values obtained using WIS station data and DOC equations
were shallower than the morphologically defined closure depth. Distributions of extracted values were normal, and the
standard deviation, especially for Wells, was lower. Again, the Hallermeier (1981) matched the MDDOC most closely but
was on the order of +1 m too shallow when compared with the MDDOC for both Wells and Scarborough.
This finding is somewhat surprising. We expected Wells Beach, with a WIS station located just offshore and most
exposed to waves and likely least impacted by riverine currents, to be the most accurate when comparing DOC with
MDDOC. Conversely, we did expect disparity between the MDDOC and the DOC at the Scarborough study area because
of proximity to the Scarborough River channel and the ebb-tidal shoal/sandbar that clearly influences sediment
movement in this area. We expected a similar disparity at the Saco River beaches study area because of the influence of
riverine sediment, and offshore islands and a deep offshore channel impacting wave refraction.
It is important to note that the morphologically defined depth of closure appears to vary along each of the study areas,
especially along Saco beaches (Figure 6). For example, very little morphological change was observed in the MBES AOI
seaward of the northern end of Saco beaches (near Goosefare Brook and in water depths of approximately -6 m NAVD),
while large changes were observed just landward in the NSS AOI. This indicates that most of the vertical change is
constrained closer to the nearshore along this section of beach. However, in the center portion of the study area, some
morphological changes extended much farther offshore and into deeper water (-10 m NAVD and slightly deeper).
Conclusions
This project proposed to capture and analyze seamless topography and bathymetry from topographic, nearshore, and
offshore data sources. We found it extremely difficult to complete surveys close to each other temporally due to
equipment issues, weather, and the size of the survey areas (and thus the time required to survey them). This impacted
the ability to compare surveys, as beach conditions can change dramatically even within a few weeks due to storms, etc.
As a result, we attempted to inspect sediment budgets at each study area by comparing each data type collected within
just that data type. This worked for the most part but resulted in different snapshots in time at each study area, which
impacted seasonal and yearly topographic and volumetric analyses.
Two of the three study areas (Saco and Wells) received beach nourishment or nearshore placement during the study
two-year study period. We found that both projects resulted in positive net changes at each study area, indicating that
sediment placement locations were appropriate.
We also investigated a morphologically defined depth of closure (MDDOC) at each of the study areas and compared
these average values with DOC calculated using traditional equations. We found, in general, that calculated DOCs are
shallower than MDDOCs and that sediment transport can occur seaward of the calculated DOCs.
At the Wells Beach study area:
•
•
•
•
•
•

Nearshore placement in approximately the same areas in June 2018 and July 2020 clearly resulted in a positive
net volume gain for the beach system;
Overall, between 2018 and 2020, the beach system gained over 63,300 m3 of sediment;
Seasonal and yearly volumetric changes can exceed 100,000 m3, which is larger than expected;
Large volumetric losses and gains indicate that sediment may be moving into and outside of the study area
(possibly into/from the river channel and ebb-tidal shoal);
The morphologically defined depth of closure (MDDOC) indicated that sediment movement occurs out to depths
of approximately -9.1 m NAVD, which is deeper than the equation derived DOCs; and
Future Webhannet River dredging projects should consider lower-cost nearshore placement as an alternative to
beach nourishment. Nearshore placement should be placed as close to the beach as possible and the Town of
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Wells should coordinate with property owners on being prepared for dune restoration, planting, and fencing in
order to maximize sediment trapping potential.
At the Saco beaches study area:
•
•
•
•
•
•
•

Beach nourishment at the southern end of the study area in March 2019 clearly resulted in a positive net
volume gain for the beach system;
Overall, between 2018 and 2020, the beach system gained over 62,275 m3 of sediment;
Seasonal and yearly volumetric changes can exceed 100,000 m3 and even approach 200,000 m3 which is larger
than expected;
Large volumetric losses and gains indicate that sediment may be moving into and outside of the study area;
The morphologically defined depth of closure (MDDOC) indicated that sediment movement occurs out to depths
of approximately -7.6 m NAVD, which is similar to equation-derived DOC values;
Future Saco River dredging projects should consider beach nourishment directly onto the beach at Camp Ellis, as
it is unclear how nearshore placement may benefit the beach; and
The City of Saco should coordinate with property owners on being prepared for dune restoration or planting and
fencing prior to nourishment occurring in order to maximize sediment trapping potential.

At the Scarborough River beaches study area:
•
•
•
•

•
•

•

•

Beach nourishment along Western Beach in 2015 did result in positive beach growth, but it appears that erosion
of the beach has been consistent;
Overall, between 2018 and 2020, the entire beach system lost over 43,170 m3 of sediment;
Seasonal and yearly volumetric changes can approach 90,000 m3, though a lack of data at the Pine Point NSS
study area precluded full analysis of volumetric changes;
Large volumetric losses and gains occurred within the Scarborough River channel and in the ebb-tidal
shoal/sandbar. Much smaller than expected topographic/volumetric changes were observed in the flood-tidal
delta off Ferry Beach;
The morphologically defined depth of closure (MDDOC) indicated that sediment movement occurs out to depths
of approximately -8.6 m NAVD, which is deeper than equation derived DOC values;
Future Scarborough River dredging projects should consider beach nourishment directly onto the beach at
Western Beach and nearshore placement (Little River Rock, Old Orchard Beach) south of Pine Point Beach. A
conservation easement along Pine Point Beach currently precludes direct placement of sediment on the beach
within 2,000 feet of the jetty. Nearshore placement is not recommended near Western Beach due to tidal inlet
circulation patterns;
The Town of Scarborough should coordinate with property owners (including the Prouts Neck Country Club) on
being prepared for dune restoration, planting, and fencing in order to maximize sediment trapping potential
after nourishment or nearshore placement is completed; and
The Town of Scarborough should work with property owners along Pine Point Beach and the State’s Bureau of
Parks and Lands to determine what kinds of sediment trapping activities (e.g., fencing, staking, etc.) and dune
restoration activities may be permissible within the state-owned conservation easement along Pine Point Beach.

The Maine Geological Survey proposes to continue to annually monitor (data collection in late summer) the fate of
beach nourishment and nearshore placement sites at these 3 project study areas in the future with the Maine Beach
Mapping Program and the MGS Nearshore Survey System.
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1

Introduction

Nearview LLC (NEARVIEW) has prepared this Memorandum to the State of Maine, Department of Marine
Resources, Maine Coastal Program (DEPARTMENT) summarizing our October 2018 Unmanned Aerial
System (UAS) surveys at multiple Maine beaches. This survey was performed under CT No.
20180814000000000526, and AdvantageME Vendor/Customer No. VS0000021298.
The Project Objectives and Scope of work is described in Section 2.0. NEARVIEW’s Unmanned Aerial
System (UAS) and land survey methodologies are presented in Section 3.0. Survey results are presented
in Section 4.0, and an inventory of data deliverables in Section 5.0. Survey coverages, contours, and
bathy-topographic interpolated surface maps are provided in Appendix A.

2

Project Objectives and Scope

The objective of this project was to conduct an UAS surveys of Maine beaches, and to develop highresolution, topographic-bathymetric maps that may be used to assess sand movement over time as part of
beach management efforts. Beaches in the UAS surveys included Wells Beach, Saco (Camp Ellis) Beach,
and Scarborough (Pine Point, Ferry, and Western) beaches (Figure 1-2). The resulting survey and data
analyses were used to accurately map the ground surface elevations and topography in support of the
Maine Geological Survey (MGS) and Maine Coastal Program (MCP) effort to understand sediment
transport and the management of beach sediment and nourishment materials needed to create better
municipal and regional beach management plans.
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Scarborough
(Pine Point)

Saco

Wells

Figure 1. UAS survey area locations in October 2018. Survey areas covered in this report include Wells,
Saco, and Scarborough (Pine Point) beaches.
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Ferry
Pine Point
Western

Saco

Wells

Figure 2. UAS survey area locations in March and October 2019. Survey areas covered in this report
include Wells, Saco, and Scarborough (Pine Point, Ferry, and Western) beaches.
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3

Methodology

3.1

Survey Areas

Survey area boundaries (see Figure 1) extended from approximately the Mean Lower Low Water (MLLW)
line (0 ft) to the Highest Astronomical Tide (HAT) line (approx. 12 ft above MLLW). Aerial survey included
the following cover types:
a. Tidal flat and beach: non-vegetated areas between MLLW and MHHW;
b. Marsh: vegetated areas between MLLW and MHHW; and
c. Upland: beach dunes and urban/residential areas (non-vegetated and vegetated) located
approximately 100 feet upgradient of the HAT.

3.2

Mission Planning

Prior to conducting surveys, NEARVIEW coordinated with MCP and MGS on survey design and planning
to collect high-precision and accurate elevation data for UAS surveys. No FAA authorization certificates
were required to conduct operations in the proposed survey areas. The beaches, except for Wells, are
mapped as Essential Habitat, a designation adopted under regulatory provisions of the Maine Endangered
Species Act (12 M.RS. §12804). The DEPARTMENT secured permission from the Maine Department of
Inland Fisheries & Wildlife to conduct UAS operations in Essential Habitat beaches between September 15
and March 15. Additionally, due to survey restrictions during the COVID-19 pandemic, UAS data collection
was limited to one Spring season (i.e., 2019).
Flight height limitations were set at 400 ft (~120 m), or the maximum allowable Above Ground Level (AGL)
for commercial UAS operations permitted under FAA regulations and 14 CFR Part 107. NEARVIEW field
staff had the necessary FAA Part 107 Remote Pilot license and certifications needed to conduct commercial
aerial survey operations.
The UAS data collection was planned for completion within one (1) field day for each beach survey area.
To limit shadow effects flight times were planned preferably for the middle of the day during low tide and
periods of flat light conditions. The DEPARTMENT identified and facilitated secure access points to the
survey areas needed to conduct GPS and UAS operations.

3.3

Aerial Survey Operations

Aerial survey and field operations were conducted over a period of 3-4 days (Table 1). Following safety
and project briefings, the DEPARTMENT established a static GNSS observation base station at previously
surveyed survey markers in each survey area (Table 2). Base station data was processed in Leica Geo
Office 8.4 to convert the proprietary Leica MDB files to RINEX 2.3. These data were then run through
OPUS with applicable antenna information and offsets. The resulting OPUS solutions were used in PostProcessed Kinematic (PPK) positioning of the UAS imagery. Continuously Operating Reference Stations
(CORS) at Durham, NH (NHUN) and Gorham, ME (GOME) were also used for PPK positioning of UAS
imagery (Table 3).
Each survey area contained approximately twenty (20) Ground Control Points (GCPs) that were placed and
located by NEARVIEW and the DEPARTMENT using a roving, survey-grade GNSS Network RTK GPS
receiver. GCPs were 2 x 2-ft, black-and-white, X-mark (or iron cross) vinyl aerial targets that were pinned
to the ground with 6-inch nails.
Each UAS survey mission was pre-planned and flown using the DJI Ground Station Pro software
application. Survey blocks were delineated in accordance with the survey boundaries, and flight times
determined by available drone battery power. As a safety protocol flight times were limited to approximately
15 minutes per flight. Each survey block covered approximately 35-45 acres. A total of 3 separate flights
were flown at an AGL of 120 m (400 ft) for Wells. A total of 3-4 separate flights were flown at an AGL of
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120 m (400 ft) for Scarborough, and total of 4-5 separate flights were flown at an AGL of 120 m (400 ft) for
Saco. A Visual Observer (VO) from the DEPARTMENT monitored all survey operations for hazards and
obstacles, and maintained visual and radio contact during flight operations. All flights were executed with
no incidents.
Survey Area
Year Month
Day
Image Acquisition Time Low Tide (ft)
Wells
2018 Oct
3
11:30-13:30
12:00 (0.9)
Scarborough (Pine Point)
2018 Oct
4
12:34-14:04
13:34 (0.7)
Saco
2018 Oct
5
13:16-15:51
14:30 (0.4)
Wells
2019 Mar
26
09:50-11:05
10:10 (-0.3)
Saco
2019 Mar
27
09:58-11:33
11:13 (0.2)
Scarborough (Ferry)
2019 Mar
28
10:58-11:41
12:17 (0.7)
Scarborough (Western, Pine 2019 Mar
29
12:50-14:00
13:18 (0.9)
Point)
Wells
2019 Oct
3
8:54-10:03
09:07 (-0.1)
Saco
2019 Oct
24
13:26-15:05
14:26 (0.5)
Scarborough (Ferry, Western, 2019 Oct
25
13:38-15:55
15:33 (-0.2)
Pine Point)
Wells
2020 Sep
15
15:07-16:20
15:54 (0.4)
Scarborough (Ferry, Western, 2020 Sep
17
17:04-18:18
17:27 (-0.8)
Pine Point)
Saco
2020 Sep
18
16:22-18:10
18:36 (-1.0)
Table 1. Dates and times of UAS survey operations, and predicted time and depth of low tide.
Survey Area

Date

Ellipsoid
Ht (m)
Wells
3/10/19
WELLS (MGS)
43° 19' 6.44970”
070° 33' 25.20335” -23.092
Scarborough
4/10/19
6516-11 (MEDOT) 43° 32' 14.41496” 070° 21' 2.14484”
-21.607
Saco
5/10/19
FER2 (MGS)
43° 28' 14.19694” 070° 23' 3.17350”
-22.117
Wells
3/26/19
CASI (MGS)
43° 18’ 7.84688”
070° 33’ 58.81172” -21.736
Saco
3/27/19
FER2 (MGS)
43° 28’ 14.19618” 070° 23' 3.17364”
-22.144
Scarborough
3/28/19
WEST (MGS)
43° 32’ 32.61894” 070° 19’ 23.14211” -21.975
Scarborough
3/29/19
WEST (MGS)
43° 32’ 32.61912” 070° 19’ 23.14160” -21.984
Wells
10/3/19
CASI (MGS)
43° 18’ 7.84670”
070° 33’ 58.81162” -21.755
Saco
10/24/19
FER2 (MGS)
43° 28’ 14.19823” 070° 23' 3.17587”
-22.063
Scarborough
10/25/19
WEST (MGS)
43° 32’ 32.01749” 070° 19’ 23.31451” -23.000
Table 2. OPUS solutions for static base station logging and locations utilized during UAS surveys.
CORS Station
GOME
NHUN
MESA

Location
Lat
Lon
Ellipsoid Ht (m)
Gorham, ME 43° 40' 52.06776” N 070° 27' 3.72437" W
89.961
Durham, NH 43° 8' 33.17927" N
070° 57' 6.86279" W
9.116
Sanford, ME 43° 27’14.0826” N
070° 47’ 1.097" W
76.974
Table 3. CORS utilized for PPK positioning of UAS imagery.

3.3.1

ID

Lat (N)

Survey Equipment
Drone
GNSS GPS Post Processed Kinematic (PPK)
Camera
RGB
GNSS RTK GPS Rover
GPS Accuracy

Lon (W)

DJI M600 Pro
Loki Airgon (Septentrio)
Sony A7RII
Color (42 MP)
Leica GS-14
<2 cm
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3.3.2

Flight Parameters
Overlap
Coverage
Flying Height Above Ground Level (AGL)
Flight Speed
Ground Sampling Distance (GSD)
RGB

3.3.3

Staff
Remote Pilot in Command (RPIC)
Visual Observer (VO)/GPS Technician

3.3.4

Stefan Claesson (Nearview)
Stephen Dickson (MGS), Samuel
Rickerich (MGS), Peter Slovinsky
(MGS), Hannah Corney (MGS), Claire
Enterline (MCP), Ben Kraun (MCP),
Allison Potter (MCP), Kathleen Leyden
(MCP), Daniel Freund (Nearview)

Weather Conditions
Survey Area
Wells
Scarborough
Saco
Wells
Saco
Scarborough
Scarborough
Wells
Saco
Scarborough
Wells
Scarborough
Saco

3.4

80% front- and 60-80% side-lap
100%
122 m (400 ft)
8.3 m/sec
Pixel resolution
1.6 cm/px

Date
10/3/18
10/4/18
10/5/18
3/26/19
3/27/19
3/28/19
3/29/19
10/3/19
10/24/19
10/25/19
9/15/20
9/17/20
9/18/20

Mean Temp (F)
55°
55°
56°
40°
39°
44°
50°
52°
59°
56°
53°
65°
58°

Max Wind (MPH)
6
20
8
15
13
22
10
13
14
9
8
12
15

Conditions
Partly cloudy
Cloudy
Sunny
Sunny
Sunny
Partly Cloudy
Cloudy
Mostly Cloudy
Sunny
Cloudy
Mostly Cloudy
Cloudy
Mostly Sunny

Land Survey Operations

Following safety and project briefings, base station and GCPs were established across each survey area
during the low tide window (i.e., ±2 hours). Land survey operations were conducted with one 2-man survey
crew prior to UAS flights. Each GCP position location was surveyed using a Leica GS-14 survey-grade RTK
DGNSS receiver and Network RTK rover. Data was collected in Leica Viva SmartWorx software and
exported as .txt files. Approximately twenty (20) GCPs were placed in each survey area in the intertidal
zone and upland of the MHW mark. At completion of the UAS survey, all GCP targets were recovered prior
to the incoming tide. All GCP data points were output in NAD83 UTM Zone 19 (meters), elevations
referenced to NAVD88 (meters), and exported as ESRI shapefiles and CSV files.

4

Results

UAS imagery was processed in Pix4D Mapper Pro (V 4.3.31, 4.4.12). Initial data outputs included highdensity point clouds (.LAS format), and geo-referenced, 3-inch orthomosaics in GeoTIFF format. Noisy
point cloud data in flat, featureless, sandy, and saturated intertidal areas were filtered using LiDAR noise
filtering tools in Global Mapper 20 (GM20). Manual editing of point cloud data was also performed to clean
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and filter noise. Subsequently, a 2-meter interpolated grid surface or DTM was generated from the UAS
point cloud data for each survey area.
Contours were generated from the gridded data at 1-ft intervals, and isolines generated for MLLW, MHW
(1.4 m), and HAT. Contours were generated based on the DTM of each survey area, and exported in ESRI
shapefile format (.SHP). Contour generation was limited to a maximum height of 4 m (NAVD88). Major
contours were delineated at 5-ft intervals. The 0-foot MLLW elevation was converted to NAVD88 for each
beach survey area using NOAA’s VDatum Online Vertical Datum Transformation Internet application
(https://vdatum.noaa.gov/vdatumweb/) (Table 4). HAT calculations are based on the “Maine DEP Highest
Annual Tide (HAT) Levels for Year 2018: Maine Coast from Eastport to Kittery” (DEPLW- HAT 1/2018
https://www.maine.gov/dep/land/slz/hat18.pdf). Tidal station elevations referenced to MLLW were compiled
and converted to NAVD88 using VDatum (v. 3.4) software by the Maine Geological Survey, Department of
Agriculture, Conservation and Forestry (Table 5). MLLW and HAT isolines (or contours) were generated
based on the DTM in GM20, and exported as ESRI shapefiles (.SHP) (see section 5.1 List of Data
Deliverables).
Location
Pine Point (Scarborough)
Camp Ellis, Saco River Entrance
Wells

MLLW (m)
0
0
0

NAVD88 (m)
-1.50
-1.51
-1.54

Location
Pine Point (Scarborough)
Camp Ellis, Saco River Entrance
Wells

MLLW (Tide Table ft)
11.4
11.6
11.5

NAVD88 (m)
1.97
2.02
1.96

Table 4. MLLW to NAVD88 conversion for 0-ft MLLW elevation.

Table 5. 2018 MLLW to NAVD88 conversion for Highest Astronomical Tide (HAT).

4.1

Output Datum and Coordinate System
Datum
NAD83 (2011)
NAVD88

4.2

Coordinate System
UTM Zone 19 (meters)
meters

UAS Resolution/Ground Sampling Distance (GSD)
Area
Wells
Scarborough
Saco
Wells
Saco
Scarborough (Ferry)
Scarborough (Western)
Scarborough (Pine Point)
Wells
Saco
Scarborough (Ferry)
Scarborough (Western)
Scarborough (Pine Point)
Wells
Scarborough (Ferry)

Date

Mean GSD

3/10/18
4/10/18
5/10/18
3/26/19
3/27/19
3/28/19
3/29/19
3/29/19
10/3/19
10/24/19
10/25/19
10/25/19
10/25/19
9/15/20
9/17/20

1.50 cm / 0.59 in
1.51 cm / 0.60 in
1.52 cm / 0.60 in
1.45 cm / 0.58 in
1.46 cm / 0.57 in
1.45 cm / 0.57 in
1.50 cm / 0.59 in
1.47 cm / 0.58 in
1.47 cm / 0.58 in
1.51 cm / 0.59 in
1.47 cm / 0.58 in
1.53 cm / 0.60 in
1.46 cm / 0.58 in
1.50 cm / 0.59 in
1.55 cm / 0.61 in

Point Cloud
Coverage (acres)
101
99
124
137
140
58
68
44
117
118
49
75
51
103
50
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Scarborough (Western)
Scarborough (Pine Point)
Saco

4.3

1.57 cm / 0.62 in
1.55 cm / 0.61 in
1.54 cm / 0.61 in

82
54
124

UAS Accuracy
Area
Wells
Scarborough
Saco
Wells
Saco
Scarborough (Ferry)
Scarborough (Western)
Scarborough (Pine Point)
Wells
Saco
Scarborough (Ferry)
Scarborough (Western)
Scarborough (Pine Point)
Wells
Scarborough (Ferry)
Scarborough (Western)
Scarborough (Pine Point)
Saco

4.4

9/17/20
9/17/20
9/18/20

Date
3/10/18
4/10/18
5/10/18
3/26/19
3/27/19
3/28/19
3/29/19
3/29/19
10/3/19
10/24/19
10/25/19
10/25/19
10/25/19
9/15/20
9/17/20
9/17/20
9/17/20
9/18/20

Mean RMS
Error (m)
0.02 m
0.02 m
0.04 m
0.02 m
0.02 m
0.03 m
0.02 m
0.01 m
0.02 m
0.03 m
0.01 m
0.02 m
0.01 m
0.01 m
0.01 m
0.01 m
0.01 m
0.01 m

Checkpoint RMS Error (m)
X
Y
Z
0.04
0.02
0.05
0.02
0.03
0.03
0.02
0.04
0.05
0.03
0.02
0.05
0.05
0.04
0.04
0.06
0.02
0.01
0.01
0.02
0.03
0.03
0.01
0.06
0.02
0.02
0.04
0.01
0.05
0.05
0.01
0.03
0.03
0.03
0.02
0.05
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.02
0.03
0.03
0.02
0.01
0.02
0.01
0.03
0.02

Change Detection

Change detection analyses were performed on the 2-meter gridded surfaces derived from UAS imagery
and point cloud data sets. Change detection analyses were performing using the Geomorphic Change
Detection software (GCD) AddIn for ArcGIS Desktop developed by the Riverscapes Consortium
(http://gcd.riverscapes.xyz/).
For each beach (Wells, Saco, Pine Point, Ferry, Western) an Area of Interest (AOI) was established along
the beach front to measure sediment transport and change detection in area, volume, and vertical
averages. A difference surface was generated for each data set within the AOIs for each season (Fall
2018-Spring 2019, Spring-Fall 2019), as well as annual differences (e.g., Fall 2018-2019, Fall 2019-2020,
Fall 2018-2020). A simple vertical threshold of ±10 cm was used in processing to account for uncertainty
in the gridded surfaces.
Analyses and results presented in this report include tabular data of overall changes in area, volume, and
vertical averages (see tables below) for each beach and survey season (Fall-Spring, Spring-Fall), and
annual season change (e.g., Fall-Fall). A chart or graphical depiction of area, volume, and vertical
averages is provided following each set of tabular results. Additionally, a series of maps are provided to
illustrate change detection over time (Appendix A). The approximate Mean High Water (MHW) lines (1.4
m) are superimposed on maps for vertical reference. Finally, a series of beach profiles figures are
provided to illustrate vertical changes in beach surfaces from Fall 2018 to Fall 2020.
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4.4.1

Wells

AREAL
Change Detection
Period

Total Area of Surface
Lowering (m2)

Total Area of
Surface Raising (m2)

Total Detectable
Change

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019

145,970
25,235
44,695
9,079
7,712
105,838

14,793
143,269
105,622
199,520
181,227
33,323

71%
75%
67%
92%
84%
62%

VOLUMETRIC
Change Detection
Period

Total Volume of
Surface Lowering (m3)

Total Volume of
Surface Raising (m3)

Erosion (▼)
Deposition (▲)

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total % of All Compared

42,213
8,830
12,955
2,841
1,617
30,848
31%

4,061
47,584
28,322
81,556
56,067
8,485
69%

▼
▲
▲
▲
▲
▼
▲

VERTICAL AVERAGES
Change Detection
Period
Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total of All Compared

Average Depth of Surface
Lowering (m)

Average Depth of Surface
Raising (m)

Thresholded

Error

Thresholded

Error

0.29
0.35
0.29
0.31
0.21
0.29
0.29

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10

0.27
0.33
0.27
0.41
0.31
0.25
0.33

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
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FALL 2019 – FALL 2020

SPRING 2019 – FALL 2020

FALL 2018 – FALL 2020
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SPRING 2019 – FALL 2019

FALL 2018 – FALL 2019

FALL 2018 – SPRING 2019
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4.4.2

Saco

AREAL
Change Detection
Period

Total Area of Surface
Lowering (m2)

Total Area of
Surface Raising (m2)

Total Detectable
Change

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019

91,504
162,872
97,116
192,448
125,124
59,708

115,212
75,032
105,668
44,608
99,984
172,480

73%
86%
70%
84%
76%
81%

VOLUMETRIC
Change Detection
Period

Total Volume of
Surface Lowering (m3)

Total Volume of
Surface Raising (m3)

Erosion (▼)
Deposition (▲)

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total % of All Compared

49,631
80,116
35,666
85,747
53,933
31,133
49%

62,475
47,978
53,390
26,753
61,682
97,028
51%

▲
▼
▲
▼
▲
▲
▲

VERTICAL AVERAGES
Change Detection
Period
Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total of All Compared

Average Depth of Surface
Lowering (m)

Average Depth of Surface
Raising (m)

Thresholded

Error

Thresholded

Error

0.54
0.49
0.37
0.45
0.43
0.52
0.46

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10

0.54
0.64
0.51
0.60
0.62
0.56
0.57

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10

CT No. 20180814000000000526
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FALL 2019 – FALL 2020

SPRING 2019 – FALL 2020

FALL 2018 – FALL 2020

CT No. 20180814000000000526
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SPRING 2019 – FALL 2019

FALL 2018 – FALL 2019

FALL 2018 – SPRING 2019

CT No. 20180814000000000526
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4.4.3

Pine Point

AREAL
Change Detection
Period

Total Area of Surface
Lowering (m2)

Total Area of
Surface Raising (m2)

Total Detectable
Change

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019

39,624
41,240
39,072
39,256
34,408
25,808

23,324
25,932
23,896
23,948
19,700
32,028

73%
78%
77%
70%
66%
81%

VOLUMETRIC
Change Detection
Period

Total Volume of
Surface Lowering (m3)

Total Volume of
Surface Raising (m3)

Erosion (▼)
Deposition (▲)

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total % of All Compared

12,025
17,948
15,403
10,642
9,618
8,739
62%

7,838
9,422
7,927
6,998
5,799
7,405
38%

▼
▼
▼
▼
▼
▼
▼

VERTICAL AVERAGES
Change Detection
Period
Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Fall 2018 – Fall 2020
Spring 2019 – Fall 2019
Fall 2018 – Fall 2019
Fall 2018 – Spring 2019
Total of All Compared

Average Depth of Surface
Lowering (m)

Average Depth of Surface
Raising (m)

Thresholded

Error

Thresholded

Error

0.30
0.44
0.39
0.27
0.28
0.34
0.34

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10

0.34
0.36
0.33
0.29
0.29
0.23
0.30

± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10
± 0.10

CT No. 20180814000000000526
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FALL 2019 – FALL 2020

SPRING 2019 – FALL 2020

FALL 2018 – FALL 2020

CT No. 20180814000000000526
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SPRING 2019 – FALL 2019

FALL 2018 – FALL 2019

FALL 2018 – SPRING 2019

CT No. 20180814000000000526
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4.4.4

Ferry Beach

AREAL
Change Detection
Period

Total Area of Surface
Lowering (m2)

Total Area of
Surface Raising (m2)

Total Detectable
Change

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019

27,880
39,852
10,544

18,480
20,804
14,476

43%
56%
23%

VOLUMETRIC
Change Detection
Period

Total Volume of
Surface Lowering (m3)

Total Volume of
Surface Raising (m3)

Erosion (▼)
Deposition (▲)

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019
Total % of All Compared

7,065
9,089
1,496
46%

6,797
9,931
3,951
54%

▼
▲
▲
▲

VERTICAL AVERAGES
Change Detection
Period
Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019
Total of All Compared

Average Depth of Surface
Lowering (m)
Thresholded

Error

0.25
0.23
0.14
0.23

± 0.10
± 0.10
± 0.10
± 0.10

Average Depth of Surface
Raising (m)
Thresholded

Error

0.37
0.48
0.27
0.38

± 0.10
± 0.10
± 0.10
± 0.10

CT No. 20180814000000000526
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FALL 2019 – FALL 2020

SPRING 2019 – FALL 2020

SPRING 2019 – FALL 2019

CT No. 20180814000000000526
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4.4.5

Western Beach

AREAL
Change Detection
Period

Total Area of Surface
Lowering (m2)

Total Area of
Surface Raising (m2)

Total Detectable
Change

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019

91,588
99,028
15,428

18,416
18,476
8,312

62%
67%
13%

VOLUMETRIC
Change Detection
Period

Total Volume of
Surface Lowering (m3)

Total Volume of
Surface Raising (m3)

Erosion (▼)
Deposition (▲)

Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019
Total % of All Compared

18,278
21,421
2,876
75%

6,234
6,602
1,521
25%

▼
▼
▼
▼

VERTICAL AVERAGES
Change Detection
Period
Fall 2019 – Fall 2020
Spring 2019 – Fall 2020
Spring 2019 – Fall 2019
Total of All Compared

Average Depth of Surface
Lowering (m)
Thresholded

Error

0.20
0.22
0.19
0.21

± 0.10
± 0.10
± 0.10
± 0.10

Average Depth of Surface
Raising (m)
Thresholded

Error

0.34
0.36
0.18
0.32

± 0.10
± 0.10
± 0.10
± 0.10

CT No. 20180814000000000526
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FALL 2019 – FALL 2020

SPRING 2019 – FALL 2020

SPRING 2019 – FALL 2019

CT No. 20180814000000000526
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5

Data Deliverables

Final data deliverables include RGB orthomosaics, point clouds, gridded DTMs, point cloud bounding
polygons, 1-ft contour lines, MHW and HAT isolines, and change detection rasters (see section 5.1 List of
Data Deliverables). Horizontal data are projected in NAD83 (2011), UTM (Zone 19), northings and eastings
(meters). Vertical datum for all deliverables is NAVD88. All map products and data deliverables were posted
to a Microsoft OneDrive cloud server maintained by NEARVIEW. URL links and were provided to Claire
Enterline (Claire.Enterline@maine.gov) for download of data sets from a cloud server (Microsoft OneDrive).

5.1

List of Data Deliverables
Type

Quantity

Filename

Format

SCARBOROUGH (PINE POINT)
Orthomosaic (3 inch)

4

PinePoint_3-INCH_MOSAIC_xxxxx

GeoTIFF

Point Cloud

4

PinePoint_POINT_CLOUD_xxxxx

LAS

DTM (2 m)

4

PinePoint_2M_DTM_xxxxx

ASC

Boundary Polygons

4

PinePoint_BOUNDS_xxxxx

SHP

Contours (1 ft)

4

PinePoint_CONTOUR_1FT_xxxxx

SHP

Isoline (MHW)

4

PinePoint_CONTOUR_MHW_xxxxx

SHP

Isoline (HAT)

4

PinePoint_CONTOUR_HAT_xxxxx

SHP

Change Detection

6

PinePoint_IC

XML

Orthomosaic (3 inch)

3

Ferry_3-INCH_MOSAIC_xxxxx

GeoTIFF

Point Cloud

3

Ferry_POINT_CLOUD_xxxxx

LAS

DTM (2 m)

3

Ferry_2M_DTM_xxxxx

ASC

Boundary Polygons

3

Ferry_BOUNDS_xxxxx

SHP

Contours (1 ft)

3

Ferry_CONTOUR_1FT_xxxxx

SHP

Isoline (MHW)

3

Ferry_CONTOUR_MHW_xxxxx

SHP

Isoline (HAT)

3

Ferry_CONTOUR_HAT_xxxxx

SHP

Change Detection

3

Ferry_IC

XML

SCARBOROUGH (FERRY)

SCARBOROUGH (WESTERN)
Orthomosaic (3 inch)

3

Western_3-INCH_MOSAIC_xxxxx

GeoTIFF

Point Cloud

3

Western_POINT_CLOUD_xxxxx

.LAS

DTM (2 m)

3

Western_2M_DTM_xxxxx

ASC

Boundary Polygons

3

Western_BOUNDS_xxxxx

SHP

Contours (1 ft)

3

Western_CONTOUR_1FT_xxxxx

SHP

Isoline (MHW)

3

Western_CONTOUR_MHW_xxxxx

SHP

Isoline (HAT)

3

Western_CONTOUR_HAT_xxxxx

SHP

Change Detection

3

Western_IC

XML

4

Saco_3-INCH_MOSAIC_xxxxx

GeoTIFF

SACO
Orthomosaic (3 inch)

CT No. 20180814000000000526
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Point Cloud

4

Saco_POINT_CLOUD_xxxxx

.LAS

DTM (2 m)

4

Saco_2M_DTM_xxxxx

ASC

Boundary Polygons

4

Saco_BOUNDS_xxxxx

SHP

Contours (1 ft)

4

Saco_CONTOUR_1FT_xxxxx

SHP

Isoline (MHW)

4

Saco_CONTOUR_MHW_xxxxx

SHP

Isoline (HAT)

4

Saco_CONTOUR_HAT_xxxxx

SHP

Change Detection

6

Saco_IC

XML

Orthomosaic (3 inch)

4

Wells_3-INCH_MOSAIC_xxxxx

GeoTIFF

Point Cloud

4

Wells_POINT_CLOUD_xxxxx

LAS

DTM (2 m)

4

Wells_2M_DTM_xxxxx

ASC

Boundary Polygons

4

Wells_BOUNDS_xxxxx

SHP

Contours (1 ft)

4

Wells_CONTOUR_1FT_xxxxx

SHP

Isoline (MHW)

4

Wells_CONTOUR_MHW_xxxxx

SHP

Isoline (HAT)

4

Wells_CONTOUR_HAT_xxxxx

SHP

Change Detection

6

Wells_IC/xxxxx-xxxxx

XML

WELLS

CT No. 20180814000000000526

25

APPENDIX A: Change Detection Maps
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ABSTRACT

The collection and analysis of seafloor habitat data allows state and federal agencies the
information needed to responsibly manage nearshore coastal activities such as dredging,
nourishment, and sand disposal. Recent efforts in Maine have identified that understanding
sediment transport and the management of beach sediment and nourishment materials is vital to
creating better municipal and regional beach management plans, as well as informing dredging
and sand disposal. We determined differences among biological communities among nearshore
sites, determined sediment grain size based on surface grab samples and backscatter assessment,
and assessed differences in grain size and biological community composition at one dredge
disposal site pre- and post-disposal and compare these characteristics to a proposed new disposal
site. Surficial sediment from grab samples showed evidence of recent nourishment at many of
the sampling sites. When combined with repeated efforts to collect backscatter, repeated
sampling has the capability of demonstrating the broad surficial sediment changes following
sand nourishment/disposal activities. We found that benthic species assemblages were
representative of sandy bottom benthos, although there were some differences among sites and
following sand disposal, likely due to differences among sediment type, specifically the amount
of gravel. Although direct comparisons are not possible because of the sampling methodology,
pre- and post-disposal similarities of species assemblages were found differ significantly. We
also found that among the beaches sampled, Wells Beach was distinct based on its species
assemblage and the presence of a rare species that is sensitive to disturbance. While further
sampling should be performed at these sites to determine the effects of pre- and postmanagement activities and impacts over time, this additional benthic habitat data when combined
with bathymetric change data collected during the same time period provides coastal managers a
more comprehensive understanding about how nearshore sand placement impacts these areas.
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Background and Purpose

The collection and analysis of seafloor habitat data allows state and federal agencies the
information needed to responsibly manage nearshore coastal activities such as dredging,
nourishment, and sand disposal. Recent efforts in Maine have identified that understanding
sediment transport and the management of beach sediment and nourishment materials is vital to
creating better municipal and regional beach management plans, as well as informing dredging
and sand disposal. In 2006, a legislatively-approved Beaches Stakeholder Group prepared a
report which proposed creation of an integrated beach management plan (Beach Stakeholder
Group, 2006). This plan called for a better understanding about sediment management and the
role beach nourishment might play in maintaining resiliency of Maine’s coastal communities. In
response, the Maine Geological Survey, with support from the Maine Coastal Program, are
working to develop recommendations and prioritizations for beach management including
nourishment schedules and monitoring.
Maine’s experience with beach nourishment has generally been limited to the nearshore
disposal of dredged materials as part of federal dredging of navigation channels by the US Army
Corps of Engineers. Recent projects have occurred in nearshore waters off Wells, Old Orchard
Beach, Saco, Scarborough, and Phippsburg. As part of a larger project to collect high-resolution
topographic-bathymetric data over time to determine sand movement patterns at these sites, we
collected additional information about benthic habitat and biological communities to develop a
more thorough assessment of geologic resources and the biologic communities among them. By
developing a more comprehensive understanding of the benthic habitat and the changes that
occur after human interventions like sand nourishment and dredge disposal, managers can better
understand the impacts and use the information to inform future actions.
This report provides a summary and analysis of the data collected during seafloor
sampling efforts conducted by the Maine Coastal Program during 2016-2020 in support of
efforts to better understand nearshore sand movement and dredge disposal effects at four Maine
beaches and a nearshore disposal site (Figure 1). The objectives of this investigation were to (1)
perform benthic habitat classification using the Coastal and Marine Ecological Classification
Standard (CMECS; FGDC, 2012) and statistical analyses to determine differences among
biological communities among four beaches (2) determine nearshore sediment grain size based
on surface grab samples and backscatter assessment to develop a “baseline conditions”
assessment at four beaches; and (3) assess differences in grain size and biological community
composition at one dredge disposal site pre- and post-disposal and compare these characteristics
to a proposed new disposal site. This additional benthic habitat data when combined with
bathymetric change data collected during the same time period will provide coastal managers a
more comprehensive understanding about how nearshore sand placement impacts these areas.

Focus Areas and Previous Work

Together the beaches at Wells, Old Orchard Beach, Saco, Scarborough, and Phippsburg (Figure
1) comprise about 40% of the area of all of Maine’s beaches. In 1998, the Southern Maine Beach
Stakeholder Group released a series of recommendations that included developing and
maintaining information on beach erosion and beach nourishment, and developing local and
regional management plans. These plans have helped inform onshore and nearshore sand
nourishment placement and timing at Wells, Saco and Scarborough, which each received
nourishment sand one or more times during 2015-2020 (Table 1).
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To track changes in beach elevation
over time and following onshore
and nearshore sand placements, the
Maine Geological Survey, Maine
Sea Grant, and University of Maine
Cooperative Extension established
the State of Maine Beach Profiling
Project (Maine SeaGrant 1999), to
measure beach profiles at selected
beaches in southern. These data
have been used to qualitatively
evaluate how sediment has moved
after storms and after nourishment
projects (Slovinsky and Dickson,
2007-2015). Additionally, the
Maine Geological Survey has
collected annual alongshore RTKFigure 1. Multibeam echo-sounder collected bathymetry and
GPS terrestrial surveys of the
backscatter, and grab samples collected water quality, surface
seaward extent of dominant
sediment, and benthic fauna information at four Maine
beaches and a dredge disposal site during the study period
vegetation at each of this project’s
2016-2020
focus area beaches. These data have
been used to supplement volunteer
work, and have been used by local, regional, state, and federal managers to help inform decisionmaking associated with dune and beach management.
At the Jackknife Ledge disposal area off Phippsburg, sand from dredging operations
within the Kennebec River has been placed many times since the area was formally identified as
a disposal area in 1998, chosen under the assumption that nearshore circulation would move this
sand onshore at Popham Beach. However, bathymetry surveys in 2016 found that 19,500 cubic
yards that had been placed at the site in 2011 had barely shifted from the original disposal cone
(Dobbs 2016). With this new information the Maine Geological Survey recommended further
characterization of the seafloor sediment and habitat at the existing disposal site preceding and
following another disposal scheduled to occur in 2017, as well as characterization of potential
new disposal sites to the west of Jackkinfe Ledge, again with the intent of placing disposal sand
close enough to Popham Beach to allow for nearshore and onshore movement.
While recent efforts to collect bathymetric information at these sites, including waterpenetrating LiDAR has been collected at some of these sites (USACE 2014, 2018), there has
been no effort to characterize benthic habitat and the sediment changes following sand placement
Table 1. Recent onshore and nearshore sand placement and volumes at four Maine study beaches and a
dredge disposal area from 2015-2020.
Site and Town
Disposal Month - Year Volume (yd3) Placement
Wells Beach, Wells
June - 2018
30,000
Nearshore
Wells Beach, Wells
July - 2020
20,000
Nearshore
Camp Ellis Beach, Saco
March - 2019
62,000
Onshore
Western Beach, Scarborough
April - 2015
166,325
Onshore
Jackknife Ledge Disposal Area, Phippsburg
April - 2017
14,186
Nearshore
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over time in these nearshore areas. The additional seafloor sediment and biological community
characterizations performed in 2016-2020 will supplement these existing data resources and
newly collected nearshore bathymetry to provide baseline characterizations of the benthic habitat
for consideration in future nearshore nourishment decisions.

Methods

Field methods used during this investigation consisted of collecting high-resolution bathymetry
and backscatter data using a multi-beam echosounder (MBES) and bottom sampling. MBES data
were acquired aboard the R/V Amy Gale with a Kongsberg EM2040c set to a survey frequency
of 300 kHz and high-density beam forming with 400 beams per ping. Parallel lines with
consistent spacing (based on depth) were run at 6 - 6.5 knots throughout the survey area. Data
acquisition was performed using the Quality Positioning Services (QPS) Quality Integrated
Navigation System (QINSy) acquisition software (Table 2). The modules within QINSy
integrated all systems and were used for real-time navigation, survey line planning, data time
tagging, data logging, and visualization. Bathymetric data were processed using Qimera and
time-series backscatter data were processed using QPS’ Fledermaus Geocoder Tool software.
Because data were acquired over multiple years, no single software version was used for the
acquisition and processing software; in each year the most recent software versions were used.
Grab sample locations were selected in areas where preliminary analyses using the
multibeam backscatter intensity data to target a range of intensity values that would suggest
differences in sediment type. The bottom sampler was a single platform rig outfitted with a
clamshell style Ponar grab sampler, GoPro Hero 3+ digital video camera inside a Group B Inc.
dive housing, Keldan underwater dive light, dive lasers spaced at 10 cm for scale, and a Xylem
Exo 1 to collect water column data (salinity, temperature, pH, dissolved oxygen, and chlorophyll
concentrations; Figure 2). The 23 x 23 cm Ponar grab was capable of collecting a maximum
volume of 8.2 liters of unconsolidated sediment per sampling attempt. Coordinates (WGS84,
UTM Zone 19N meters; GPS horizontal accuracy at surface ±3 m) were recorded when the
sampler reached bottom and when the wench tether was visually confirmed to have a
Table 2. Multibeam echo-sounder data were acquired and sediment grab samples, benthic fauna, and
water column and seafloor water chemistry and video were taken at four beaches and the Jackknife Ledge
area at multiple dates during the spring and fall from 2016-2020.
Site
Wells Beach
Camp Ellis Beach, Saco
Old Orchard Beach
Western Beach,
Scarborough
Jackkinfe Ledge –
Current Disposal Area
Jackkinfe Ledge –
Potential New Disposal
Areas

Multibeam Echo-Sounder Data
Acquisition Dates
Aug 2018, June 2019, Sept 2019,
June 2020, August 2020
May 2019, Sept-Oct 2019, May 2020
June 2019, Oct 2019, Oct 2020
Aug 2018, June 2019, Oct 2019,
June 2020, Oct 2020

Grab Sampling Dates
Sept. 10, 2019
Oct. 15, 2019
Oct. 15, 2019
Oct. 15, 2019

July 2016, Nov 2017, May 2020

Sept. 20, 2016, May 11, 2017,
Oct. 3, 2017

Oct 2017, Oct 2018, May 2019, Oct 2019,
May 2020

Sept. 20, 2016, May 11, 2017,
Nov. 20, 2019
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vertical/near-vertical orientation relative to a flat sea
surface. True depth (referenced to MLLW in meters) at
each sample site was extracted from the final bathymetric
surface (4-m grid) and was included with the data in this
report. At each location where the sampler returned
empty after three attempts, a hard substrate (e.g. bedrock,
boulders, etc.) was inferred and confirmed later with
video footage captured during each sampling attempt.
Immediately upon retrieval, the sediment surface was
photographed and partitioned into two subsamples; a
minimum of 1000 cm3 was set aside for grain-size
analysis and the remainder was processed to collect
infauna samples (see Ozmon, 2017). Sub-samples were
divided so each contained portions of the entire depth of
the original grab sample.
Figure 2. A grab sampling platform
Sediment subsamples were bagged, labeled,
was used that collected various
transported in coolers, and held in refrigerators until
samples using a Ponar grab sampler
being processed at the sedimentology laboratory at the
(23 cm2), GoPro Hero 3+ with dive
University of Maine. Sediment samples were analyzed
housing and light, scale lasers, and
using standard laboratory techniques for the textural
Xylem Exo 1.
analyses of marine sediments (Poppe et al., 2005) by the
sedimentology laboratory. The proportion of gravel-, sand-, silt-, and clay-sized particles were
used to classify the overall sample using Folk (1974). Samples were also categorized by geologic
substrate group and subgroup (Figure 4), as defined by the Coastal and Marine Ecological
Classification Standard (FGDC, 2012). The Wentworth (1922) grain-size scale for major textural
splits, and in instances where the silt/clay ratio could not be determined accurately (e.g. mudsized (silt + clay) portion was less than 5% of total weight) total mud was divided evenly
between silt (phi size 4 - 8) and clay (phi size 8 - 12) fractions.
Sediment grain size analyses were compared with MBES backscatter and bathymetry to
develop geologic descriptions of each study area. Benthic fauna assemblages were compared
among the sites and study years based on species richness and the Shannon and Simpson Index
of Diversity using analysis of similarities (ANOSIM) and similarity percentages breakdown
(SIMPER). Non-metric multi-dimensional scaling (nMDS) plots were also used to compare preand post-disposal samples collected at Jackknife Ledge, and species assemblages among the four
southern beaches. The relationship of sediment grain size and species assemblages at the four
southern beaches was compared using the the Spearman rank correlation (BIOENV Global Test).
All analyses were performed in PRIMER (v.7).

Results

Bathymetry and backscatter collected at the five study sites informed the collection of 39 grab
samples taken at these sites during 2016-2020, 17 in nearshore areas off the Southern Maine
beaches, and 22 at the Jackknife Ledge dredge disposal area, current and proposed.
Unconsolidated sediment samples were retrieved from 37 sites and rocky substrates were
observed at 2 sites, both on the current Jackknife Ledge disposal area. Table 3 (at end of report)
contains a summary of sample location, water depth, sediment penetration depth, and textural
properties.
9

Sediment Characterizations
The seafloor in the coverage areas is characterized by distinct zones of high and low backscatter
intensity that reflect differences in seafloor substrate (Figures 4 and 5). In general, coarse sand
and/or gravel are represented by high backscatter intensity (light grey/white areas) and muddy
material is represented by the lowest backscatter intensity (darkest tones). Rocky areas contain
irregular, heterogeneous patches of high and low intensity. Although a variety of environmental,
geometric, and other external factors must be considered when interpreting backscatter data, the
signal has been shown to directly relate to unconsolidated sediment grain size and seafloor
roughness (Lurton and Lamarche, 2015). Limited sampling at each grain size class found a
general pattern of decreasing backscatter intensity with grain size (Figure 3). As expected, the
highest standard deviations are observed within variably surfaced, heterogeneous textural
classes. Although all textural classes are not represented and sample sizes within each class are
small, the positive correlation between increasing grain size and higher intensity backscatter may
be used as a basis when using backscatter to infer gross scale distribution of unconsolidated
substrates. Seafloor characterizations varied among the four southern beaches and the Jackknife
Ledge areas based on bathymetry, backscatter, and surficial grain size from grab samples. Each
site is described below in further detail.
Wells Beach, Town of Wells
From 2018 to 2020, MCMI performed mapping along an approximately 1 nautical mile section
of Wells Beach, Maine, beginning at the Wells Harbor jetties and collecting data in a SE
direction along the shore at navigable depths. Approximately identical bounds were mapped
once in the spring and fall of each year from 2018 to 2020 for a total of 5 datasets. Depths
(referenced to NAVD88) in the area ranged from 16.13 feet (4.92 meters) to 34.84 feet (10.62
meters). The seafloor in this area is generally flat, deepening in the seaward direction with a few
submerged rocks to the southwest.
Bathymetric highs are located at the
edge of the jetties at the Harbor
entrance and at the southwestern
corner of the mapped area, where
the USACE has used as a dredge
disposal site. Four seafloor
sediment samples were collected in
fall 2019 (Figure 4A). The
sediments consist of moderately
well-sorted very fine to slightly
gravelly sand with trace shell hash.
Camp Ellis Beach, Town of Saco
In 2019 and 2020, MCMI
performed mapping off Saco Beach
and Ferry Beach, Maine from the
Goosefare Brook entrance in the
north to Ram Island near the Saco
jetties in the south. Approximately
identical bounds were mapped

Figure 3. Backscatter intensity (dB) was found to generally
correlate with surficial grain size, as defined using the Folk
classification scheme, among the 39 sample sites.
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(A)

(B)

(C)

(D)

Figure 4. Grab samples collecting water chemistry, surficial sediment, and benthic fauna were collected at
four Southern Maine beaches in 2019, shown here with grain size classification and backscatter intensity
11
(dB).

twice in 2019 (spring and fall) and once in the spring of 2020 for a total of 3 datasets. Depths
(referenced to NAVD88) in the area ranged from 15.39 feet (4.69 meters) to 44.19 feet (13.47
meters). The seafloor in this area is generally flat, deepening in the seaward direction with large
rippled scour depressions pinching out in the landward direction are present west and southwest
of Eagle Island. Four seafloor sediment samples were collected in fall 2019 (Figure 4B). The
sediments in this area are slightly more heterogenous than the other beach study areas, with grain
sizes ranging from very fine sand, slightly gravelly fine-medium muddy sand, and gravelly
coarse sand. The sample with the coarser grain sizes was sampled from the northernmost RSD
that was mapped.
Old Orchard Beach, Town of Old Orchard Beach
MBES data was collected at the proposed USACE nearshore disposal site off Old Orchard
Beach, Maine in 2019 and 2020. Approximately identical bounds were mapped twice in 2019
(spring and fall) and once in the spring of 2020 for a total of 3 datasets. Depths (referenced to
NAVD88) in the area ranged from 19.69 feet (6.00 meters) to 36.05 feet (10.99 meters). The
seafloor in this area is generally flat, deepening in the seaward direction with large RSDs along
the southeastern edge. Four seafloor sediment samples were collected in fall 2019 (Figure 4C).
The sediments consist of moderately well-sorted slightly gravelly fine-medium sand with trace
shell hash. One sample has a higher content (approximately 10%) of mud-sized grains than the
other 3 samples. No samples were collected in the rippled scour depressions.
Western Beach, Town of Scarborough
From 2018 to 2020, MCMI performed mapping in the coastal area of Scarborough, Maine. The
survey area was located south of Pine Point Beach and due west of the southern tip of Prouts
Neck. Approximately identical bounds were mapped once in the spring and fall of each year
from 2018 to 2020 for a total of 5 datasets. Depths (referenced to NAVD88) in the area ranged
from 10.58 feet (3.22 meters) to 38.53 feet (11.74 meters). The seafloor in this area is more
heterogeneous than the other nearshore beach study sites. The eastern edge of the data coverage
area, closest to land, is smooth and gently sloping in the landward direction. The rest of the area
mapped consists of many amorphous rippled scour depressions cutting into the otherwise
relatively smooth seafloor. Five seafloor sediment samples were collected in fall 2019 (Figure
4D). The sediments collected consist of slightly gravelly fine-medium sand to gravelly mediumcoarse sand. The samples with the coarser grain sizes were sampled from rippled scour
depressions.
Jackknife Ledge Current and Potential Disposal Areas
The Jackknife Ledge dredge disposal site (as marked on NOAA chart 13295) was mapped by
MCMI in 2016 and 2017. Depths (referenced to mean lower low water) in and around the
disposal site ranged from 14.57 feet (4.44 meters) to 73.95 feet (22.54 meters). The seafloor here
is generally flat with elongate SW-NE trending bedrock outcrops in the northwest portion of the
mapped area. A large (approximately 0.23 nautical miles in diameter) loosely circular mound is
centered slightly west of the marked disposal site boundary. This is most likely the result of the
past dredge spoil dumping. Sediments collected within 11 grab samples consist of fine to coarse
sand with occasional shell hash found (Figure 5B). The samples containing more coarse sands
were found in those taken from the dredge spoil mound mentioned above and one in a rippled
scour depression.
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(A)

(B)

(C)

Figure 5. Grab samples collecting water chemistry, surficial sediment, and benthic fauna
were collected at the current and potential Jackknife Ledge disposal areas, shown here
with grain size classification and backscatter intensity (dB).
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The area immediately west of the current Jackknife Ledge disposal site was mapped as a possible
alternative to the current disposal site (Figure 5C). Depths in the area mapped from 2018-2019
ranged from 10.99 feet (3.35 meters) to 69.48 feet (21.18 meters). The seafloor in this area
mostly flat and homogenous, with scattered ledges in the northernmost and southeastern portions
of the area. Rippled scour depressions are abundant along the eastern edge of the mapped area.
Sediments collected within 5 grab samples consisted of slightly gravelly sand with some shell
hash intermixed in all areas mapped except for sediments sampled from rippled scour
depressions. Sorting was generally good. Within the rippled scour depressions, sediment
collected consist of coarse to very coarse sand with some larger (greater than 100 mm in
diameter) shells and shell fragments intermixed.
Benthic Fauna Characterization
General Description of Benthic Species Assemblages
Species assemblages among study locations were representative sandy bottom benthic fauna and
contain tube-building and errant worms, clams, isopods, and amphipods listed in decreasing
abundance (Figures 6 and 7). Predatory snails, sand dollars, ribbon worms, peanut worms and
acorn worms were present as minor components. Species richness among study locations was
consistent with this abundance-based generalized faunal description, with differences among
proportions of taxonomic groups resulting from few individuals of many species, for example
crustaceans. There were some notable exceptions: at Wells Beach, crustaceans dominated both
species richness and abundance; at Jackknife Ledge, there were more species of predatory snails
and in greater abundance than found among all beach locations. Species diversity measured by
the Shannon and Simpson Index of Diversity was largely the same among Jackknife Ledge and
beach subtidal species assemblages (Table 4). This trend and the roughly comparable evenness
values hold despite differences in the number of grab samples taken among these two areas. The
consistency among locations when compared with these metrics underscores the value of
describing species assemblages in terms of richness and abundance for their finer information.
Table 4. Descriptive summary of survey results and diversity of benthic species assemblages sampled
with a standard 8.1L ponar grab. Metrics for each location are from pooled samples. Location
abbreviations: JKL, Jack Knife Ledge; WE, Wells Beach; OO, Old Orchard Beach; SC, Saco Beach; SR,
Scarborough Beach. Numbers refer to the year of sampling: 17, 2017; 19, 2019.
Location-Month-Year

KL-9-16

JKL-5-17

JKL-10-17

JKL-11-19

OO-10-19

SC-10-19

WE-9-19

SR-10-19

No. Samples

6

4

6

5

4

4

4

4

Number of Individuals

214

135

87

25

123

67

44

37

Range in Abundance/Sample

1–27

1 – 27

1–6

1–5

1 – 32

1 – 11

1–7

1–9

Mean SD Among Samples

3.44

6.22

2.14

0.71

5.57

1.36

1.47

0.94

Number of Species (S)

30

23

14

10

14

18

16

14

Margalef Richness (d)

5.40

4.48

2.91

2.80

2.70

4.04

3.96

3.60

Pielou's Evenness

0.79

0.72

0.83

0.97

0.77

0.82

0.84

0.88

Shannon (H')

2.68

2.25

2.20

2.24

2.04

2.38

2.33

2.32

Simpson Index of Diversity (1-D)

0.90

0.79

0.86

0.86

0.83

0.87

0.86

0.87

14

Richness September 2016

Abundance September 2016

N = 214

N = 30

Richness May 2017

Abundance May 2017

N = 23

N = 135

Abundance October 2017

Richness October 2017

N = 14

N = 87

Richness November 2019

Abundance November 2019

N = 10

N = 25

Polychaeta

Crustacea

Bivalvia

Gastropoda

Echinodermata

Nemertea

Bryozoa

Hemichordata

Sipunculida

Figure 6. Percentage composition of Jack Knife Ledge species assemblages represented as
species richness and abundance, based on the number (N) of taxa and number of individuals,
respectively.
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Wells Beach Richness

Wells Beach Abundance

N = 14

N = 123

Old Orchard Beach Richness

Saco Beach Richness

Old Orchard Beach Abundance

N = 18

Saco Beach Abundance

N = 16

N = 67

N = 44

Scarborough Beach Abundance

Scarborough Beach Richness

N = 37

N = 14
Polychaeta

Crustacea

Bivalvia

Gastropoda

Echinodermata

Nemertea

Bryozoa

Hemichordata

Sipunculida

Figure 7. Percentage composition of beaches species assemblages represented as species richness
and abundance, based on the number (N) of taxa and number of individuals, respectively.
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Southern Maine Beaches
Most beaches were sampled in 2019 at varying times following disposal of sand either onshore
or nearshore (Table 1). Evaluation of the benthic community before and after these events was
not possible because there are no pre-disposal samples.
Benthic species assemblages from the same beach were more alike than those from
different beaches and group accordingly in an nMDS plot, except for Scarborough Beach (Figure
8A). Overall, this relationship was statistically significant (ANOSIM Global R = 0.194,
P<0.006). Pairwise tests showed that the Wells Beach species assemblage significantly differed
from those of Old Orchard (R=0.74, P<0.03) and Saco Beach (R=0.74, P<0.03), and nearly so
Beaches
for Scarborough Beach (R = 0.198,
Bottom Temperature (°C)
Month
P<0.057). Old Orchard, Saco, and
(A)
Scarborough beaches were not significantly
different from each other. Further analyses
using nested ANOSIM tested to investigate
whether the clustering of same beach
samples could be explained by bottom
depth, bottom temperature, and sediment
type, i.e., Folk Classifications, were not
statistically significant. These physical
2D Stress: 0.09

12.97

Sept
Oct

12.97

12.93

12.82

12.94

12.88

12.88

12.87

16.71

12.94

12.97

12.9

12.96

16.56

16.6

16.57

Beaches
Depth (m)

All Samples
2D Stress: 0.09

SC-03

(A)

Location
Wells
Old Orchard
Saco
Scarborough

2D Stress: 0.09

4.8

(B)

Location
Wells
Old Orchard
Saco
Scarborough

6.8

SR-03
OO-01
SC-04

SR-05

6.5
5.1

OO-04

5.4

SC-01
OO-02

7.6

5

SC-02
WE-01

9.6

7.9

10.4

7.5
OO-03

9.1

SR-04

SR-01

10.5

8.6

WE-04

7.4

WE-02
WE-03

6.8

Folk Classification

(B)

(C)

2D Stress: 0.09

(g)S

Location
Wells
Old Orchard
Saco
Scarborough

(g)S

(g)S
(g)S

(g)S

(g)mS
S

S

(g)S
(g)S
(g)S

(g)mS
(g)S

(g)S
(g)S

(g)S

Figure 8. Non-parametric multivariate analysis
two dimensional MDS plots of square root
transformed benthic fauna abundance. (A) All
samples. (B) Bootstrap average regions drawn to
envelope 95% of bootstrap averages with their
group average depicted by symbols.

Figure 9. Abiotic measures associated with
nonparametric multidimensional scaling of faunal
assemblages from southern Maine beaches. A,
Bottom temperatures. B, Depths. C, sediment Folk
classifications. Symbols in A correspond to
locations in B and C.
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1

measures associated with Bray-Curtis similarities among benthic assemblages from each beach
are shown in nMDS plots (Figure 9).
Wells Beach species assemblages were distinct for containing mostly crustaceans, a
position held by polychaetes at the other beaches (Figure 7). These crustaceans were species of
amphipods and isopods which prefer sandy habitats. Folk classifications were too coarse for
distinguishing such habitat preferences and lead to nonsignificant associations. Instead,
percentages of sand, gravel and mud had the finer resolution for characterizing differences
among beaches (Figure 10B). Comparisons of these sediment types and all combinations of them
with beaches species assemblages showed that the combination of sand and gravel best explained
the grouping of similarities when displayed on an nMDS plot (Figure 8A). A two-way test of
sediment percentages and species assemblage similarities within the levels of location using
Spearman rank correlation was statistically significant (BIOENV Global Test ρ = 0.476,
P<0.05), with the combination of sand and gravel having the largest correlation among the three
types or possible combinations of sediments. To generalize with caution, the kinds of species
found among beaches was related to the amount of sand and gravel present, and not mud, sand,
or gravel alone or combinations of mud with sand or gravel or a combination of all three types.
Wells Beach was distinguished from the other beaches by the types of species found
there. Nonparametric multidimensional analysis of bootstrap averages of species abundances
among the four beaches clearly
Jack Knife Ledge
(A)
Sediment Composition
distinguished Wells Beach from the
Year
others (Figure 8B). Furthermore, the
2016
M0107
2017
unique dominance of crustaceans
JKL-04
JKL-05
there was made more unusual by the
M0106
JKL-06
JKL-01
JKL-07
presence of the amphipod
JKL-03
Americhelidium americanum
M0107-17
(Bousfield, 1973). This species is rare
(Bousfield 1973) and classified as
M0106-17
sensitive to disturbance (Borja et al.
2000). Based on information gathered
at the time of the discovery of this
species, reproductive females bearing
-4
-3
-2
-1
0
1
2
PC1
eggs are present from May through
Southern Maine Beaches
September. Reproduction in
Sediment Composition
crustaceans is influenced by sea water
Location
(B)
Wells
temperatures, so the reproductive life
Old Orchard
Saco
cycle of A. americanum could differ
Scarborough
OO-03
from that which was observed when it
SC-01
was described nearly 50 years ago
OO-02
SC-02
(Bousfield 1973). Its rareness,
SC-04
OO-04
sensitivity to disturbance, and
OO-01
WE-01
uncertainties about the life
WE-02
WE-03
SR-05 WE-04 SC-03
cycle/reproduction of this uncommon
SR-01
SR-04
species should be considered during
SR-03
plans for sand disposal at Wells
-2
0
2
4
6
Beach.
PC1
% Gravel

0

PC2

% Sand

-1

Mud %

-2

4

Mud %

PC2

2

% Sand

0

% Gravel

-2

Figure 10. Principal component analysis of sediment
composition at A, Jack Knife Ledge; B, southern Maine beaches.

18

Jackknife Ledge
Jackknife Ledge is a designated disposal area, and benthic sampling followed a schedule
designed to monitor, in a loose sense, the response of the benthic community. Since the timeline
of benthic sampling will be referred to in the following paragraphs, the schedule is detailed next
for context. Jackknife Ledge was sampled over the course of four years: once during 2016, twice
in 2017, once in 2019, and never in 2018. In general, samples were taken from within the
disposal area and to the west of it, with one location sampled east of the area. The timing of
sampling during 2016 and 2017 provides a snapshot of before and after dredge disposal from 21
to 26 April 2017. In 2016, two locations were sampled on the disposal site, each resampled in
2017, and four additional locations were sampled, three west and one east of that area. Sampling
in May 2017 included resampling of
Jack Knife Ledge
the two before-mentioned 2016
All Samples
Year
JKL-12
locations along two others that
2016
(A)
2017
resampled one west and one east 2016
2019
JKL-11
location. Later that year, during
JKL-06
October 2017, Jackknife Ledge was
M0105-17
sampled at six new locations all within
the disposal area and no resampling
JKL-03
M0105
took place. Sampling during 2019
JKL-01
M0107-17
M0102
M0103
JKL-05
focused on locations outside of the
M0106-17
disposal area at spatially widely
M0106
JKL-08
JKL-04
separated locations west of it.
M0104
M0104-17
JKL-07
JKL-10
JKL-09
The pattern of similarities
M0107
among
benthic
assemblages paralleled
Jack Knife Ledge
Disposal Area
the yearly sampling schedule and
Disposal
JKL-05
JKL-07
Pre
placement of sample locations.
Post
(B)
Samples from 2016 and 2017 group by
JKL-06
year, while 2019 samples were
JKL-04
dissimilar and did not cluster (Figure
JKL-01
11A). These differences in similarity
JKL-03
among years and areas sampled were
M0107
statistically significant as shown by a
M0106-17
nested analysis of similarity test with
areas nested within years (ANOSIM
M0106
Global R = 0751, P<0.007). That test
also shows that comparisons within
M0107-17
years or within areas were not
Figure 11. Non-parametric multivariate analysis two
significantly different. In conclusion,
dimensional nMDS plots of square root transformed
the combination of year and area
benthic fauna abundance. Each symbol represents a single
sampled is important for understanding
sample. A. All samples. B. Samples from the disposal area
the pattern of similarity among
taken pre- and post-disposal. Only M0107, M0107-17 and
Jackknife Ledge benthic assemblages.
M0106 and M0106-17 were repeated samples. Species
2D Stress: 0.12

2D Stress: 0.04

Politolana polita

Tritia trivittata

Chiridotea coeca

Polydora sp.

Drilonereis longa

Aglaophamus verrilli

Scolelepis viridis

Buccinum undatum

Unciola irrorata
Ensis leei

Scoletoma tenuis

Clymenella torquata

contributing most to pre- and post-disposal dissimilarity are
shown with vector lengths representing the strength of
contribution determined by Pearson Correlation.
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The timing of sampling during 2016 and 2017 provided a snapshot of before and after
dredge disposal from 21 to 26 April 2017. Benthic assemblages were directly comparable preand post-disposal at only two locations. A total of four samples severely restricts statistical
analyses, and while hierarchal cluster analysis separates samples according to pre and postdisposal (Figure 12), the sample size was below the limit for detecting statistical significance and
results in an ANOSIM Global R = 1, P = 0.33 and a non-significant SIMPER test. Consequently,
to increase sample size for contrasts, benthic assemblage similarities were compared pre- and
post-disposal in 2016 and 2017, respectively, among all samples taken from the disposal area,
ignoring samples from locations east and west of it. The resulting analyses showed that benthic
assemblages sampled pre- and post-disposal were dissimilar and form two separate groups in
two-dimensional nMDS plots (Figure 11B). The difference was statistically significant
(ANOSIM Global R = 0.56, P<0.002) as were
Jack Knife Ledge Disposal Area
Bottom Temperatures (°C)
comparisons of sample similarities among months
(ANOSIM Global R = 0.66, P<0.002). Sediments
(A)
changed in composition following disposal with
the two resampled locations becoming mostly sand
as were the 2017 samples (Figure 10A). It
followed that species assemblages pre- and postdeposition differed significantly based on Folk
classifications (ANOSIM Global R = 0.56,
P<0.002). Similar statistical comparisons with
bottom temperature and depth were not significant.
Bottom temperatures, depths, and Folk
(B)
Classifications associated with Bray-Curtis
similarities among benthic assemblages from the
Jackknife Ledge disposal area are shown in nMDS
plots (Figure 12).
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12.74

12.67

Month
Sept
May
Oct

12.78

12.75

12.94

13.04

13.51

5.59

13.68

5.38

Bottom Depths

2D Stress: 0.04

17.1

18.1

Month
Sept
May
Oct

17.4

17.2

16

17.1

17.1

14.6

Jack Knife Edge Disposal Area
Pre-/Post-Disposal

20

16.6
15

Disposal
Pre
Post

Similarity

40

Folk Classifications

(C)

2D Stress: 0.04

S

S

Disposal
Pre
Post

S
S

60

S

S

(g)S

80

S

M0107-17

M0106-17

M0107

M0106

100

Samples

Figure 12. Hierarchal cluster analysis using group average of
pre- and post-disposal species assemblages. Both MO106 and
MO107 are in the disposal area and sampled in 2016, then
resampled in 2017. They represent the only such case in this
study. Red dashed lines connect samples that are not
statistically significant from each other (SIMPER Test,
P>0.05).
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Figure 12. Non-parametric multivariate analysis two
dimensional nMDS plots of square root transformed
benthic fauna abundance plotted with: A, bottom
temperatures; B, bottom depths; and C, sediment
Folk classifications.
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There were 12 discriminating species contributing to 70% to the dissimilarity between
pre- and post-disposal species assemblages (Table 5). Trends in changes among these species
were: the increase in small predatory snails (Tritia trivittatus) replacing larger ones (Buccinum
undatum), fewer tube building worms (Clymenella torquata and Polydora sp.), the disappearance
of errant polychaetes and razor clams, and more scavenging isopods (Politolana polita and
Chirodotea coeca). These relationships were visualized by superimposing the Pearson
correlations for each of these species with pre- and post-disposal assemblages on an nMDS plot,
with vector length indicating the degree of correlation and direction corresponding with pre- and
post-disposal samples (Figure 11B).
In summary, statistically significant distinctions among similarities of benthic species
assemblages at Jackknife Ledge were related to when samples are taken (year/month). Temporal
changes in assemblages were also related to disposal, with the caveat that too few samples were
taken pre- and post-disposal to permit resampling and direct comparisons. In this regard, the
location of sampling stations influenced the degree that similarities among benthic assemblages
differed. This fact was most evident among the spatially disparate 2019 samples and their
corresponding large species dissimilarities. These limitations along with the unbalanced
sampling design of this study suggest that caution be used in interpreting disposal effects.

Table 5. Species contributing to 70% of the dissimilarity between pre-and post-disposal sample locations
in the disposal area. The average dissimilarity of pre- and post-disposal species assemblages was 89.16%.

Species

Group

Buccinum undatum

Predatory Snails

Clymenella torquata

Large Tube-building Worms

Tritia trivittata

Predatory Snails

Politolana polita

Scavenging Isopods

Aglaophamus verrilli

Errant Worms

Scoletoma tenuis

Errant Worms

Drilonereis longa

Errant Worms

Polydora sp.

Small Tube-building Worms

Scolelepis viridis

Errant Worms

Chiridotea coeca

Scavenging Isopods

Ensis leei

Razor Clams

Unciola irrorata

Mobile Surface Amphipods

Group Pre

Group Post

Mean
Abundance

Mean
Abundance

9

Mean
Dissimilarity

Contribution
%

Cumulative
%

0

9.5

10.66

10.66

8

5

8.65

9.7

20.36

0

6

6.31

7.08

27.45

3

4

5.25

5.89

33.34

4

0

4.85

5.44

38.78

0

5

4.54

5.09

43.88

4

0

4.38

4.91

48.79

4

0

4.38

4.91

53.7

0

4

4.3

4.83

58.53

0

3

4.25

4.77

63.29

3

0

3.29

3.69

66.98

3

0

3.29

3.69

70.67
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Discussion and Recommendations

In support of efforts to better understand nearshore sand movement and dredge disposal effects,
the Maine Coastal Program collected high-resolution bathymetry and backscatter and grab
samples for water chemistry, surficial sediment, and fauna characterizations at four Maine
beaches in Wells, Saco, Old Orchard Beach, and Scarborough, and a nearshore disposal site at
Jackknife Ledge. This information provides a basis for understanding how recent sand disposals
may have impacted the benthic habitat at these sites, how the sediment and benthic fauna
assemblages differ or are consistent among the sites, and to provide a baseline characterization
for further study of these sites over time following recent nourishment. This information could
potentially be used as baseline information for near-future (before 2022) nourishment, however
beyond that horizon additional surveys should be performed to describe pre-nourishment
conditions.
Bathymetry and backscatter collected by multibeam echo-sounder (MBES) surveys was
used to describe the submerged geological formations, sediment characterizations, and change in
bathymetry and sediment over time due to natural processes and nourishment/disposal activities.
We found that sediment characterizations derived from grain size (Folk 1974) from surficial
sediment samples showed a general pattern of decreasing backscatter intensity with grain size as
expected (Lurton and Lamarche, 2015). The backscatter and bathymetry were then used to
describe general characterizations of sediment and formations at each site, such as rippled scour
formations. Changes in elevation following seasonal current patterns and nourishment/disposal
activities is described in associated reports of this work (MGS and MCP 2020a, MGS and MCP
2020b).
Surficial sediment from grab samples at Wells and Saco showed evidence of recent
nourishment at many of the sampling sites, being comprised of mostly sand, with samples away
from the nourishment areas and at the other beach sites being comprised of gravel and sand
mixtures, with some having higher proportions of mud. Because sampling at the four southern
beaches was only performed in 2019, these samples cannot be used to determine with confidence
the post- impacts of nourishment activities, however future efforts could be made to sample these
sites over time to determine the length of impact and provide a baseline before future
nourishment activities. At Jackknife Ledge, limited sampling was performed at the same
locations pre- and post- sand disposal. The change in composition at these sites from sand and
gravel mixtures to primarily sand with traces of mud shows a change following disposal. When
combined with repeated efforts to collect backscatter, this repeated sampling thus has the
capability of demonstrating the broad surficial sediment changes following sand
nourishment/disposal activities.
Benthic fauna characterizations should be used to inform activities that will alter or
impact the benthic environment. Sampling at Jackknife Ledge and the four southern Maine
beaches found that species assemblages were representative of sandy bottom benthos, although
there were some differences among sites and following sand disposal at Jackknife Ledge, likely
due to differences among sediment type, specifically the amount of gravel. Although direct
comparisons were not possible because of the sampling methodology, pre- and post-disposal
similarities of species assemblages were found differ significantly at Jackknife Ledge. We also
found that among the beaches sampled, Wells Beach was distinct based on its species
assemblage and the presence of a rare species that is sensitive to disturbance.
The abundance and types of species found undoubtedly was influenced by seasonality
and water temperature with sampling performed during the months of May and September
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through November. Bottom water temperatures ranged from 5.38°C in May 2017 to 13.68°C in
September 2016 at Jackknife Ledge. While the number of species and individuals were about the
same per sample, the kinds of species were not. These sampling months were the pre- and postdisposal sequence samples intended for comparison. This inconsistency among months of
sampling leads to a second reason that a cautionary approach is required when interpreting the
results of statistical analyses.
The results and analyses presented in this report are limited primarily by small sample
size. Benthic organisms at Jackknife Ledge and the surveyed beaches had low density and were
widely dispersed, features that can be inferred by the range in abundance per sample. This
situation was highlighted by two cases in which grabs successfully sampled sediment but
contained no organisms. Surficial sediment characterizations were likely influenced at some sites
by recent nourishment/disposal activities that impacted only a portion of the study area. Other
constraints related to low sample number were the absence or limited number of pre-disposal
samples. No pre-disposal grab samples were made at any beaches surveyed. At Jackknife Ledge,
there were only two pre-disposal grab samples that were positioned where dredge disposals were
released so that direct comparisons could be made by resampling post-disposal. This situation
limited statistical analyses to ones that require caution for interpreting their results.
Future sampling programs require schedules that are consistent among months and
number of samples. The distribution and abundance of organisms in the target area need to be
considered when estimating the number of samples needed to achieve the goals of a study. Some
stations need to be located outside the area of concern to compare pre- and post-disposal changes
to those within the target area. Depending on the goals of future studies, increasing the number
of grab samples, performing sampling during a consistent month, achieving a consistent range
among depths sampled, and sampling pre- and post-disposal would allow more robust analysis of
the impact of nearshore management activities.
Through this study, we determined differences among biological communities among
nearshore sites, determined sediment grain size based on surface grab samples and backscatter
assessment, and assessed differences in grain size and biological community composition at one
dredge disposal site pre- and post-disposal and compare these characteristics to a proposed new
disposal site. While further sampling should be performed at these sites to determine the effects
of pre- and post-management activities and impacts over time, this additional benthic habitat data
when combined with bathymetric change data collected during the same time period provides
coastal managers a more comprehensive understanding about how nearshore sand placement
impacts these areas.
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Table 3. Grab sample data from locations at four Maine beaches and the Jackknife Ledge current and proposed alternative disposal site.
Site
Jackknife Ledge
(Potential Alternative
Disposal Area)

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)

Grab
Sample Date
Sample ID
M0102

9/20/2016

43.713467

-69.789450

Sediment Data

Seafloor Water Chemistry
Seafloor
Depth (m)

Floor
Salinity
(PSU)

19.5

32.3

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
13.6

8.0

7.7

Floor
Chlorophyll
(μg/L)
1.97

CMECS
Substrate
SubGroup
5

Benthic Fauna

Folk
Backscatter
% Gravel % Sand Mud %
Classification value (dB)
Slightly
Gravelly Sand

(g)S

1.07%

91.15%

7.78%

Phylum

Family

Annelida

Cirratulidae
Glyceridae

Arthropoda
Echinodermata
Mollusca

M0103

9/20/2016

43.715183

-69.792733

17.9

32.2

14.2

7.9

7.7

3.26

4

Fine Sand

S

0.00%

97.65%

2.35%

Annelida
Arthropoda
Echinodermata
Mollusca

Larger Tube-Building Fauna: Clymenella torquata

Maldanidae
Oenonidae
Orbiniidae

Larger Deep-Burrowing Fauna: Drilonereis longa
Larger Deep-Burrowing Fauna: Phylo ornatus
Small Surface-Burrowing Fauna: Pholoe minuta

Pholoidae

Larger Deep-Burrowing Fauna: Goniada maculata

Unciolidae
Echinarachniidae
Arcticidae

Lumbrineridae
Maldanidae

Small Surface-Burrowing Fauna: Unciola irrorata
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Arctica islandica
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Clam Bed: Parvicardium pinnulatum
Clam Bed: Ennucula tenuis, Nucula proxima
Clam Bed: Ameritella agilis
Clam Bed: Thracia myopsis
Clam Bed: Gemma gemma
Larger Tube-Building Fauna: Clymenella torquata
Small Surface-Burrowing Fauna: Unciola irrorata
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Arctica islandica
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Clam Bed: Ennucula tenuis, Nucula proxima
Clam Bed: Ameritella agilis
Clam Bed: Thracia myopsis
Larger Tube-Building Fauna: Ampharete arctica
Larger Tube-Building Fauna: Clymenella torquata
Larger Deep-Burrowing Fauna: Drilonereis longa
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Larger Deep-Burrowing Fauna: Scoletoma tenuis
Larger Tube-Building Fauna: Clymenella torquata

Polynoidae
Tellinidae
Maldanidae

Small Surface-Burrowing Fauna: Enipo gracilis
Clam Bed: Ameritella tenella
Larger Tube-Building Fauna: Clymenella torquata

Oenonidae
Pholoidae
Scalibregmatidae

Larger Deep-Burrowing Fauna: Drilonereis longa
Small Surface-Burrowing Fauna: Pholoe minuta
Small Surface-Burrowing Fauna: Scalibregma
inflatum
Small Tube-Building Fauna: Polydora sp.
Small Surface-Burrowing Fauna: Pseudoleptocuma
minus
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea tuftsii
Mobile Crustaceans on Hard or Mixed Substrates:
Edotia triloba
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Arctica islandica
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Clam Bed: Ennucula tenuis
Clam Bed: Ameritella agilis
Clam Bed: Thracia myopsis

Cardiidae
Nuculidae
Tellinidae
Thraciidae
Veneridae
Maldanidae
Unciolidae
Echinarachniidae
Arcticidae
Buccinidae

Jackknife Ledge
(Potential Alternative
Disposal Area)

M0104

9/20/2016

43.719067

-69.786183

16.7

32.2

13.9

7.9

7.7

2.88

Gravelly Sand

gS

-18.35

12.97%

86.23%

0.81%

Annelida

Mollusca
Jackknife Ledge
(Potential Alternative
Disposal Area)

Jackknife Ledge
(East of Current
Disposal Area)

M0104-17

5/11/2017

43.719017

-69.786117

15.3

31.2

5.6

7.9

10.3

1.58

Coarse Sand

S

-

0.00%

99.06%

0.94%

Annelida

M0105

9/20/2016

43.718983

-69.776533

14.3

32.3

13.5

7.9

7.4

3.22

Slightly Gravelly
Sand

(g)S

-30.32

0.07%

98.22%

1.71%

Mollusca
Annelida

Arthropoda

Nuculidae
Tellinidae
Thraciidae
Ampharetidae
Maldanidae
Oenonidae
Buccinidae

Spionidae
Bodotriidae
Chaetiliidae
Idoteidae
Tryphosidae

Echinodermata
Mollusca

Small Surface-Burrowing Fauna: Chaetozone
setosa
Larger Deep-Burrowing Fauna: Glycera
dibranchiata

Goniadidae

Buccinidae

Jackknife Ledge
(Potential Alternative
Disposal Area)

Species and CMECS Biotic Groups

Echinarachniidae
Arcticidae
Buccinidae
Nuculidae
Tellinidae
Thraciidae
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Site
Jackknife Ledge
(East of Current
Disposal Area)

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)
5/11/2017
43.718817
-69.776450

Grab
Sample Date
Sample ID
M0105-17

Sediment Data

Seafloor Water Chemistry
Seafloor
Depth (m)
13.1

Floor
Salinity
(PSU)
31.2

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
5.7

7.9

10.4

Floor
Chlorophyll
(μg/L)
1.19

CMECS
Substrate
SubGroup
Fine Sand

Benthic Fauna

Folk
Backscatter
% Gravel % Sand Mud %
Classification value (dB)
S

-

0.00%

95.55%

4.45%

Phylum
Annelida

Family
Cirratulidae
Maldanidae
Nephtyidae
Polynoidae
Spionidae

Arthropoda

Idoteidae

Naticidae
Pharidae
Tellinidae
Lumbrineridae
Maldanidae
Nephtyidae
Spionidae

Small Surface-Burrowing Fauna: Nephtys picta
Small Surface-Burrowing Fauna: Scolelepis viridis

Echinodermata
Mollusca

Echinarachniidae
Nassariidae
Tellinidae

Sand Dollar Bed: Echinarachnius parma
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella agilis, Ameritella versicolor

Annelida

Maldanidae

Larger Tube-Building Fauna: Clymenella torquata

Nephtyidae

Larger Deep-Burrowing Fauna: Aglaophamus
verrilli
Larger Deep-Burrowing Fauna: Drilonereis longa
Small Tube-Building Fauna: Polydora
Small Surface-Burrowing Fauna: Pseudoleptocuma
minus
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea tuftsii
Mobile Crustaceans on Hard or Mixed Substrates:
Politolana polita
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Larger Deep-Burrowing Fauna: Scoletoma tenuis
Larger Tube-Building Fauna: Clymenella torquata,
Praxillella praetermissa
Small Surface-Burrowing Fauna: Leitoscoloplos
robustus
Small Tube-Building Fauna: Laonice cirrata
Clam Bed: Ameritella agilis

Echinodermata
Mollusca

Echinarachnidae
Cardiidae
Mactridae
Nassariidae
Nuculidae
Tellinidae
Lineidae

M0106

9/20/2016

43.716600

-69.779800

16.6

32.4

13.7

8.0

8.5

2.39

Slightly Gravelly
Sand

(g)S

-24.65

1.11%

95.67%

3.22%

Annelida

Maldanidae
Nephtyidae

Arthropoda
Echinodermata
Mollusca

Unciolidae
Echinarachniidae
Buccinidae

Spionidae

Jackknife Ledge
(Current Disposal Area)

Jackknife Ledge
(Current Disposal Area)

M0106-17

M0107

5/11/2017

9/20/2016

43.716400

43.714983

-69.779867

-69.780483

14.6

17.1

31.2

32.6

5.6

13.5

8.0

8.0

10.4

8.3

1.54

1.12

Medium Sand

Slightly Gravelly
Sand

S

(g)S

-

-22.13

0.00%

0.78%

97.39%

97.80%

2.61%

1.42%

Annelida

Arthropoda

Oenonidae
Spionidae
Bodotriidae
Chaetiliidae
Cirolanidae

Jackknife Ledge
(Current Disposal Area)

M0107-17

5/11/2017

43.714783

-69.780750

15.0

31.3

5.4

8.0

10.3

1.11

Coarse Sand

S

-

0.00%

99.07%

0.93%

Small Surface-Burrowing Fauna: Chaetozone
setosa
Larger Tube-Building Fauna: Nicomache
(Loxochona) quadrispinata
Small Surface-Burrowing Fauna: Nephtys picta
Small Surface-Burrowing Fauna: Enipo gracilis
Small Surface-Burrowing Fauna: Scolelepis viridis
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Mobile Crustaceans on Hard or Mixed Substrates:
Rhepoxynius epistomus
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Parvicardium pinnulatum
Clam Bed: Mactromeris polynyma
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ennucula delphinodonta, Nucula
crenulata
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Micrura sp.,
Micrura affinis
Larger Tube-Building Fauna: Clymenella torquata
Larger Deep-Burrowing Fauna: Aglaophamus
verrilli
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Small Surface-Burrowing Fauna: Unciola irrorata
Sand Dollar Bed: Echinarachnius parma
Mobile Mollusks on Soft Sediments: Buccinum
undatum
Clam Bed: Euspira heros
Clam Bed: Ensis leei
Clam Bed: Ameritella agilis
Larger Deep-Burrowing Fauna: Scoletoma tenuis
Larger Tube-Building Fauna: Clymenella torquata

Phoxocephalidae

Jackknife Ledge
(Current Disposal Area)

Species and CMECS Biotic Groups

Mollusca

Buccinidae

Annelida

Lumbrineridae
Maldanidae
Orbiniidae

Mollusca

Spionidae
Tellinidae
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Site
Jackknife Ledge
(Current Disposal Area)

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)
10/3/2017
43.715033
-69.779817

Grab
Sample Date
Sample ID
JKL01

Sediment Data

Seafloor Water Chemistry
Seafloor
Depth (m)
16.0

Floor
Salinity
(PSU)
32.3

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
12.9

7.8

8.3

Floor
Chlorophyll
(μg/L)
2.50

CMECS
Substrate
SubGroup
Medium Sand

S

-

0.00%

99.62%

0.38%

Phylum

Family

Annelida

Lumbrineridae
Spionidae

Jackknife Ledge
(Current Disposal Area)

JKL02

10/3/2017

43.714683

-69.780000

15.6

32.2

13.2

7.9

8.5

3.92

Bedrock/rocky

Jackknife Ledge
(Current Disposal Area)

JKL03

10/3/2017

43.714467

-69.780300

17.1

32.2

13.0

7.9

8.5

3.18

Medium Sand

Jackknife Ledge
(Current Disposal Area)

Benthic Fauna

Folk
Backscatter
% Gravel % Sand Mud %
Classification value (dB)

JKL04

10/3/2017

43.714467

-69.780200

17.2

32.4

12.8

7.9

8.3

2.09

Bedrock/rocky

-

S

S

-

-

Arthropoda

Cirolanidae

Mollusca

Nassariidae

No organisms in
sample
0.00%

0.00%

99.51%

0.49%

100.00% 0.00%

Annelida

10/3/2017

43.714300

-69.780333

17.1

32.3

12.7

7.9

8.6

2.14

Medium Sand

S

-

0.00%

100.00% 0.00%

Arthropoda

Idoteidae

Mollusca

Mytilidae
Nassariidae

Annelida

Lumbrineridae
Maldanidae

Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Clam Bed: Mytilus edulis
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Larger Deep-Burrowing Fauna: Scoletoma tenuis
Larger Tube-Building Fauna: Clymenella torquata

Arthropoda

Cirolanidae

Mollusca

Nassariidae

Annelida

Nereididae

Spionidae
Arthropoda

Cirolanidae

Mollusca

Nassariidae

Annelida

Tellinidae
Spionidae

Idoteidae

Jackknife Ledge
(Current Disposal Area)

JKL06

10/3/2017

43.714133

-69.780333

17.4

32.3

12.8

7.9

8.6

2.22

Medium Sand

S

-

0.00%

100.00% 0.00%

Jackknife Ledge
(Current Disposal Area)

JKL07

10/3/2017

43.713783

-69.780283

18.1

32.3

12.7

8.0

8.5

2.32

Medium Sand

S

-

0.00%

100.00% 0.00%

Jackknife Ledge
(Proposed Alternative
Disposal Area)
Jackknife Ledge
(Proposed Alternative
Disposal Area)
Jackknife Ledge
(Proposed Alternative
Disposal Area)

Mobile Crustaceans on Hard or Mixed Substrates:
Politolana polita
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata

Larger Deep-Burrowing Fauna: Scoletoma tenuis
Small Surface-Burrowing Fauna: Nephtys picta
Small Surface-Burrowing Fauna: Scolelepis viridis

Idoteidae

JKL05

Larger Deep-Burrowing Fauna: Scoletoma fragilis,
Scoletoma tenuis
Small Surface-Burrowing Fauna: Scolelepis viridis

Lumbrineridae
Nephtyidae
Spionidae

Spionidae

Jackknife Ledge
(Current Disposal Area)

Species and CMECS Biotic Groups

Arthropoda

Idoteidae

Annelida

Spionidae

Arthropoda

Cirolanidae

Mollusca

Nassariidae

JKL-08

11/20/2019

43.725850

-69.795450

8.0

32.5

9.8

7.7

8.2

1.99

Slightly Gravelly
Sand

(g)S

-23.39

0.28%

98.97%

0.74%

Annelida
Mollusca

Nephtyidae
Nassariidae

JKL-09

11/20/2019

43.723583

-69.786867

13.0

N/A

N/A

N/A

N/A

N/A

Slightly Gravelly
Sand

(g)S

-16.15

0.58%

96.75%

2.67%

Annelida
Mollusca

Nephtyidae
Nassariidae

JKL-10

11/20/2019

43.720533

-69.784900

15.2

N/A

N/A

N/A

N/A

N/A

Slightly Gravelly
Sand

(g)S

-

1.20%

97.88%

0.92%

Annelida

Maldanidae

Mollusca

Nephtyidae
Nassariidae

Small Tube-Building Fauna: Laonice cirrata,
Scolelepis (Scolelepis) squamata
Mobile Crustaceans on Hard or Mixed Substrates:
Politolana polita
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Larger Deep-Burrowing Fauna: Nereis zonata ;
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Small Tube-Building Fauna: Scolelepis
(Scolelepis) squamata
Mobile Crustaceans on Hard or Mixed Substrates:
Politolana polita
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella tenella
Small Surface-Burrowing Fauna: Scolelepis viridis
Mobile Mollusks on Hard or Mixed Substrates:
Chiridotea coeca
Small Surface-Burrowing Fauna: Spiophanes
bombyx ; Small Tube-Building Fauna: Scolelepis
(Scolelepis) squamata
Mobile Mollusks on Hard or Mixed Substrates:
Politolana polita
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Small Surface-Burrowing Fauna: Nephtys bucera
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Small Surface-Burrowing Fauna: Nephtys bucera
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Larger Tube-Building Fauna: Clymenella torquata
Small Surface-Burrowing Fauna: Nephtys incisa
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
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Site
Jackknife Ledge
(Proposed Alternative
Disposal Area)

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)
11/20/2019
43.718067
-69.800283

Grab
Sample Date
Sample ID
JKL-11

Seafloor Water Chemistry
Seafloor
Depth (m)
15.6

Floor
Salinity
(PSU)
N/A

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
N/A

N/A

N/A

Sediment Data
Floor
CMECS
Folk
Backscatter
% Gravel % Sand Mud %
Chlorophyll
Substrate
Classification value (dB)
(μg/L)
SubGroup
N/A
Slightly Gravelly
(g)S
-27.49
0.04%
94.78% 5.18%
Sand

Benthic Fauna
Phylum
Annelida

Family
Orbiniidae
Sigalionidae

Arthropoda

Chaetiliidae
Tryphosidae
Unciolidae

Jackknife Ledge
(Proposed Alternative
Disposal Area)

JKL-12

Old Orchard Beach

OO-01

11/20/2019

10/15/2019

43.711250

43.515517

-69.790733

-70.360750

20.9

6.5

33.0

32.0

9.8

12.9

7.8

7.8

7.8

7.9

2.91

5.28

Slightly Gravelly
Sand

(g)S

Slightly Gravelly
Sand

(g)S

-23.39

0.17%

92.25%

7.57%

Mollusca
Annelida

Tellinidae
Sigalionidae
Spionidae

-27.17

0.10%

94.13%

5.78%

Annelida

Cirratulidae
Lumbrineridae
Nephtyidae
Spionidae

Old Orchard Beach

OO-02

10/15/2019

43.519333

-70.357033

7.6

32.0

12.9

7.9

7.9

3.64

Slightly Gravelly
Sand

(g)S

-26.54

0.72%

91.42%

7.86%

Arthropoda

Tryphosidae

Mollusca
Annelida

Mactridae
Cirratulidae
Lineidae
Nephtyidae
Orbiniidae
Sigalionidae
Spionidae

Echinodermata
Mollusca

Old Orchard Beach

OO-03

10/15/2019

43.514150

-70.357067

9.1

31.1

12.9

7.8

7.6

7.76

Slightly Gravelly
Muddy Sand

(g)mS

-28.43

0.01%

88.58% 11.41%

Annelida

Echinarachniidae
Mactridae
Nassariidae
Tellinidae
Nephtyidae
Phyllodocidae
Sigalionidae
Spionidae

Old Orchard Beach

OO-04

10/15/2019

43.515867

-70.355117

9.6

32.1

12.9

7.9

8.0

2.02

Slightly Gravelly
Sand

(g)S

-23.71

0.20%

93.74%

6.06%

Arthropoda

Tryphosidae

Mollusca
Annelida

Tellinidae
Cirratulidae
Maldanidae
Nephtyidae
Orbiniidae
Sigalionidae
Spionidae

Arthropoda

Tryphosidae

Echinodermata
Mollusca

Echinarachniidae
Mactridae
Tellinidae

Species and CMECS Biotic Groups
Small Surface-Burrowing Fauna: Leitoscoloplos
robustus
Small Surface-Burrowing Fauna: Sthenelais
limicola
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea tuftsii
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Mobile Crustaceans on Hard or Mixed Substrates:
Unciola dissimilis
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Scolelepis viridis
Small Surface-Burrowing Fauna: Chaetozone
setosa
Small Surface-Burrowing Fauna: Scoletoma fragilis
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Clam Bed: Mactromeris polynyma
Small Surface-Burrowing Fauna: Chaetozone
setosa
Small Surface-Burrowing Fauna: Micrura affinis
Small Surface-Burrowing Fauna: Nephtys bucera
Larger Deep-Burrowing Fauna: Phylo ornatus
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Mactromeris polynyma
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Eteone longa
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Chaetozone
setosa
Larger Tube-Building Fauna: Clymenella torquata
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Leitoscoloplos
fragilis
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Sand Dollar Bed: Echinarachnius parma
Clam Bed: Mactromeris polynyma
Clam Bed: Ameritella agilis
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Site
Saco Beach

Saco Beach

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)
10/15/2019
43.468917
-70.367417

Grab
Sample Date
Sample ID
SC-01

SC-02

10/15/2019

43.477500

-70.375100

Seafloor Water Chemistry
Seafloor
Depth (m)
5.4

5.0

Floor
Salinity
(PSU)
31.8

32.1

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
12.9

12.9

7.7

7.8

8.1

7.6

Sediment Data
Floor
CMECS
Folk
Backscatter
% Gravel % Sand Mud %
Chlorophyll
Substrate
Classification value (dB)
(μg/L)
SubGroup
2.05
Slightly Gravelly
(g)mS
-26.54
0.08%
89.59% 10.33%
Muddy Sand

3.28

Very Fine Sand

S

-26.86

0.00%

92.57%

7.43%

Benthic Fauna
Phylum

Family

Annelida

Glyceridae
Nephtyidae
Sigalionidae

Arthropoda

Tryphosidae

Mollusca

Mactridae
Tellinidae
Nephtyidae
Sigalionidae

Annelida

Spionidae
Arthropoda

Tryphosidae
Unciolidae

Mollusca
Saco Beach

SC-03

10/15/2019

43.483167

-70.376867

4.8

32.1

12.9

7.9

7.9

7.88

Gravelly Sand

gS

-17.09

6.51%

91.79%

1.70%

Annelida

Arthropoda

Mactridae
Tellinidae
Lumbrineridae
Orbiniidae
Chaetiliidae
Cirolanidae
Gammaridae

Bryozoa
Mollusca
Saco Beach

SC-04

10/15/2019

43.489117

-70.380717

5.1

32.0

12.8

7.8

7.8

7.29

Slightly Gravelly
Sand

(g)S

-30.32

0.13%

93.10%

6.77%

Annelida

Scarborough Beach

SR-01

10/15/2019

43.526000

-70.334183

10.5

31.2

13.0

7.9

8.1

2.13

Gravelly Sand

gS

-

19.50%

76.07%

4.43%

Arthropoda

Scarborough Beach

SR-02

10/15/2019

43.532583

-70.335017

7.5

32.2

13.0

7.9

7.9

2.32

Gravelly Sand

gS

-17.72

7.22%

93.38%

Scarborough Beach

SR-03

10/15/2019

43.532367

-70.331200

6.8

32.2

13.0

7.9

8.3

0.76

-18.04

4.17%

95.53%

SR-04

10/15/2019

43.528800

-70.330917

10.4

32.2

13.0

7.9

8.2

0.94

Slightly Gravelly
Sand
Slightly Gravelly
Sand

(g)S

Scarborough Beach

(g)S

-24.65

0.34%

98.93%

Mollusca

Mollusca
0.00% No organisms in
sample
0.31%
Annelida
Mollusca
0.73%
Annelida

Bugulidae
Mactridae
Mytilidae
Nephtyidae
Orbiniidae
Mactridae
Tellinidae
Idoteidae
Littorinidae

Oenonidae
Mactridae
Nephtyidae
Sigalionidae
Spionidae

Scarborough Beach

SR-05

10/15/2019

43.529733

-70.327483

7.9

32.2

12.9

7.9

8.2

0.63

Slightly Gravelly
Sand

(g)S

-22.45

0.31%

97.99%

1.70%

Arthropoda

Haustoriidae

Echinodermata
Annelida

Echinarachniidae
Nephtyidae
Orbiniidae
Spionidae

Arthropoda

Tryphosidae

Hemichordata

Harrimaniidae

Mollusca

Mactridae
Nassariidae
Tellinidae

Species and CMECS Biotic Groups
Larger Tube-Building Fauna: Glycera capitata
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Sthenelais
limicola
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Clam Bed: Mactromeris polynyma
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Mobile Crustaceans on Hard or Mixed Substrates:
Unciola dissimilis
Clam Bed: Mactromeris polynyma
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Scoletoma tenuis
Small Surface-Burrowing Fauna: Leitoscoloplos
fragilis
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Mobile Crustaceans on Hard or Mixed Substrates:
Politolana concharum
Mobile Crustaceans on Hard or Mixed Substrates:
Gammarus oceanicus
Attached Bryozoans: Bicellariella ciliata
Clam Bed: Mactromeris polynyma
Clam Bed: Mytilus edulis
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Scoloplos sp.
Clam Bed: Mactromeris polynyma
Clam Bed: Ameritella agilis
Mobile Crustaceans on Hard or Mixed Substrates:
Idotea balthica
Diverse Soft Sediment Epifauna: Lacuna vincta

Larger Deep-Burrowing Fauna: Arabella iricolor
Clam Bed: Mactromeris polynyma
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Sthenelais
limicola
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Protohaustorius wigleyi
Sand Dollar Bed: Echinarachnius parma
Small Surface-Burrowing Fauna: Nephtys bucera
Small Surface-Burrowing Fauna: Leitoscoloplos
robustus
Small Surface-Burrowing Fauna: Spiophanes
bombyx
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Small Surface-Burrowing Fauna: Saccoglossus
kowalevskii
Clam Bed: Mactromeris polynyma
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella agilis
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Site
Wells Beach

Sample Information
Latitude
Longitude
(Decimal
(Decimal
Degrees)
Degrees)
9/10/2019
43.314067
-70.551017

Grab
Sample Date
Sample ID
WE-01

Seafloor Water Chemistry
Seafloor
Depth (m)
7.5

Floor
Salinity
(PSU)
31.3

Floor Temp
Floor DO
Floor pH
(oC)
(mg/L)
16.7

7.9

8.8

Floor
Chlorophyll
(μg/L)
8.19

Sediment Data
CMECS
Folk
Backscatter
% Gravel % Sand Mud %
Substrate
Classification value (dB)
SubGroup
Very Fine Sand
S
-27.17
0.00%
95.49% 4.51%

Benthic Fauna
Phylum

Family

Annelida

Sigalionidae

Arthropoda

Chaetiliidae
Haustoriidae
Phoxocephalidae
Tryphosidae

Mollusca

Wells Beach

WE-02

9/10/2019

43.311350

-70.554700

7.4

31.3

16.6

8.0

8.2

7.69

Slightly Gravelly
Sand

(g)S

-25.28

0.02%

96.13%

3.85%

Mactridae
Nassariidae

Annelida

Tellinidae
Flabelligeridae
Sigalionidae

Arthropoda

Haustoriidae
Oedicerotidae
Tryphosidae

Wells Beach

WE-03

9/10/2019

43.305400

-70.558083

6.8

31.4

16.6

8.0

8.4

18.68

Slightly Gravelly
Sand

(g)S

-18.67

0.08%

97.52%

2.40%

Mollusca

Nassariidae

Sipunculida

Tellinidae
Golfingiidae

Annelida
Arthropoda

Nephtyidae
Haustoriidae
Unciolidae

Wells Beach

WE-04

9/10/2019

43.303233

-70.557267

8.6

31.4

16.6

8.0

8.3

14.98

Slightly Gravelly
Sand

(g)S

-23.39

0.36%

97.81%

1.83%

Mollusca

Nassariidae

Annelida

Sigalionidae

Arthropoda

Haustoriidae
Phoxocephalidae
Tryphosidae
Unciolidae

Mollusca

Mactridae
Tellinidae

Species and CMECS Biotic Groups
Small Surface-Burrowing Fauna: Sthenelais
limicola
Mobile Crustaceans on Hard or Mixed Substrates:
Chiridotea coeca
Mobile Crustaceans on Hard or Mixed Substrates:
Protohaustorius wigleyi
Mobile Crustaceans on Hard or Mixed Substrates:
Rhepoxynius epistomus
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Clam Bed: Mactromeris polynyma
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Pherusa aspera
Small Surface-Burrowing Fauna: Sthenelais
limicola
Mobile Crustaceans on Hard or Mixed Substrates:
Haustorius canadensis
Mobile Crustaceans on Hard or Mixed Substrates:
Americhelidium americanum
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Clam Bed: Ameritella agilis
Small Surface-Burrowing Fauna: Phascolopsis
gouldii
Small Surface-Burrowing Fauna: Nephtys bucera
Mobile Crustaceans on Hard or Mixed Substrates:
Haustorius canadensis, Protohaustorius wigleyi
Mobile Crustaceans on Hard or Mixed Substrates:
Pseudunciola obliquua
Mobile Mollusks on Hard or Mixed Substrates:
Tritia trivittata
Small Surface-Burrowing Fauna: Sthenelais
limicola
Mobile Crustaceans on Hard or Mixed Substrates:
Haustorius canadensis, Protohaustorius wigleyi
Mobile Crustaceans on Hard or Mixed Substrates:
Rhepoxynius epistomus
Mobile Crustaceans on Hard or Mixed Substrates:
Wecomedon nobilis
Mobile Crustaceans on Hard or Mixed Substrates:
Pseudunciola obliquua
Clam Bed: Mactromeris polynyma
Clam Bed: Ameritella agilis
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Part 1. Bathymetric Change and Sand Dynamics in the Kennebec River
Introduction

Kennebec River sand reaches the ocean by downstream transport in sand waves, mostly during
high freshwater discharge during spring floods (Fenster, et al., 2001). In the river channel
studied, and based on prior sampling, the river bottom sediment is extremely well sorted sand
with less than 5% silt and clay. More muddy sediment is present along the margins of the river
and in the intertidal zone where current speeds are slower, and the floodplain is depositional for
fine sediment. During spring floods, mud is discharged into the ocean (Stumpf and
Goldschmidt, 1992).
This work focused on the Kennebec River sand budget to better understand its role in the
creation and preservation of beaches. Multibeam surveys of the Kennebec River collected
backscatter and bathymetry in 2017 and 2019. Three sections or reaches of the river were
analyzed for change detection to quantify a 2-year sediment budget (Figure KR-1). The total
area compared was 8.2 square kilometers (3.2 square miles). Around 85% of the area studied
underwent riverbed elevations change in excess of 10 centimeters vertically. The analysis
indicated a net gain of 1.3 million (+/- 0.5 million) cubic meters of sand over two years from the
study area. There are no large sedimentary depositional environments within the Kennebec
River channel that can accommodate such a large volume of sediment. Therefore, volume loss
most likely represents beach sand export to the ocean.

Doubling Point Sand Waves

The northernmost section north of Doubling Point and south of the U.S. Route 1 bridge in Bath
is relatively wide and a known bedload convergence zone. Sand carried downstream from the
confluence of the Kennebec and Androscoggin Rivers through a bedrock sill called The Chops.
This constriction is north of Bath and sand passing through The Chops enters a more estuarine
setting with significant tidal exchange and measurable salinity (Fenster and FitzGerald, 1996).
In this section of the river, the interplay of seasonal varying freshwater discharge and estuarine
circulation driven by semidiurnal tidal currents results in time-varying sediment transport that
converges in a wide section of the river.
Rising tides create currents that flow upstream at speeds sufficient to carry sand to the north from
south of Doubling Point and through the turbulent Fiddler Reach. The widest portion of the river
results in slowing of all upstream and downstream currents that leads to the convergence zone.
In this zone, sand waves shift position, change elevation, and cause shoaling that must be
dredged to maintain a deep navigation channel for ships built at General Dynamics Bath Iron
Works. Sand dredged from these sand waves is transported south of Doubling Point and placed
in the next southern reach at an in-river location north of Bluff Head.

Figure KR-1. Sediment dynamics from Bath to the mouth of the Kennebec River at Fort
Popham was examined for three reaches of the river. These sections were divided based on the
river geomorphology including width and depth. The grayscale tint of the riverbed represents

the relative intensity of backscatter returns recorded by multibeam echosoundings. The lightest
tones generally represent hard bottom such as bedrock, ledge, or coarse gravel. Intermediate
gray tones represent various types of sand, which largely occur across a spectrum of rippled
bedforms and sand waves. Silt and clay are not common in the river channel but would be
represented by very dark tones. Thus, the darkest tones in this image generally represent finer
sand or areas where low angles of incidence produced low intensity return (e.g., lee side of
sand waves or rugose bedrock). Almost all of the image above is from either ledge or sand.
Change in the sand wave field north of Doubling Point over two years is shown in the difference
map below (Figure KR-2). The striped color pattern represents the shallowing or deepening of
as much as two meters in the north-south direction. These rhythmic changes are the likely
results of very large sand waves migrating in the navigation channel. The net loss in some areas
was 227,000 cubic meters while other areas had a net gain of 226,000 cubic meters. Despite the
active shifting of sand waves, the net sediment volume change in the river was minimal (Table
KR-1; Figure KR-3).

Figure KR-2. This map shows elevation change in the riverbed from 2017 to 2019 in meters.
There is a systematic and rhythmic striped pattern that comes from crest and trough migration of
sand waves either upstream or downstream.

Table KR-1. Volumetric change in the Kennebec River north of Doubling Point from 2017 to
2019.

Figure KR-3. In this section of the river, the net volume change was minimal and not
statistically significant. This gain-loss analysis shows how sand is in motion in large volumes
yet conserved in the bedload convergence zone north of Doubling Point.
In 2017 multibeam surveys were completed in this reach of the river just weeks after the Federal
Navigation Channel was dredged to lower the sand waves. Dredging removed the tops of sand
waves but left definite troughs recognizable. Comparison of the data with that about a month
later shows the rapid regrowth of sand waves (Figure KR-4).

Figure KR-4. The Federal Channel was dredged in April 2017 and the first survey (top panel)
shows the reduced relief of the sand waves compared to a month later in June (lower panel).
The graph along transect A-A’ shows that the crests increased in height and the troughs
deepened in just one month. Source: Dobbs (2017).

Bluff Head to Doubling Point

Change in the sand bedload from Bluff Head to Doubling Point from 2017 to 2019 shows a
variety of elevation changes over two years (Figure KR-5). The in-river dredged material
disposal site, called the Bluff Head disposal site, is delineated by the two east-west horizontal
dashed lines. North of the disposal area is an area of mixed size sand waves. In general, this
northern section shows net lowering.
South of the disposal site, a rhythmic patter of lowering and rising sand elevations suggests long
wavelength sand waves from the migration of crests and troughs. The asymmetry of these sand
waves seen in bathymetry suggests net downstream sand transport. It is possible that the sand
placed at the in-river disposal site migrates south out of the disposal area in the form of a discrete
sand bar. The trough areas (red) have minimal sand so that suggests scouring to bedrock. What
remains to be confirmed is whether each disposal event creates a discrete sand wave that then
migrates to Bluff Head and disperses into the next reach.

Figure KR-5. Bathymetric change in the Kennebec River from Bluff Head to Fiddler Reach. This
section of the river includes the Bluff Head Disposal Site (the area between the black lines) used

for dredged sand disposal from the sand wave field to the north of Doubling Point at the top of
the map (see the sand waves in Figures KR-2 and KR-4).
Over the two years from 2017 to 2019, the net sand volume gain in this reach was around
230,000 cubic meters (Table KR-2; Figure KR-6). The sediment flux is twice that due to the
dynamics of small sand waves and bed elevation changes. Lowering was on the order of a half a
meter. In other words, about half of the volume in motion slipped out of the reach for an annual
rate of loss of about 115,000 cubic meters per year. The relatively disproportional loss in the
northern end of this area hints that some of this sand may have moved north through Fiddler
Reach and to the sand wave field north of Doubling Point.

Table KR-2. Volumetric change in the Kennebec River between Bluff Head and Doubling Point
from 2017 to 2019.

Figure KR-6. Change analysis for the reach between Bluff Head and Fiddler Reach shows a
510,000 cubic meters of sand gain and 290,000 cubic meters of sand loss in other areas. This
led to a net gain of 230,000 cubic meters of sediment between 2017 and 2019.

Estuarine Reach

This reach from the river mouth at Fort Popham to Bluff Head is a vertically mixed estuary that
is relatively wide and shallow with smaller amplitude sand waves. Where the bedrock valley is
narrowest, the greatest vertical change in bed elevations occurs (Figure KR-7). This is due to the
higher amplitude sand waves in areas of accelerated tidal flow. The net difference can be as high
as 6 to 7 meters due to the crest-to-trough height of a few large sand waves.
The lower Kennebec River reach between Fort Popham and Bluff Head experienced a net gain of
sand from 2017 to 2019 (Table KR-3; Figure KR-8). The average amount of riverbed raising
was about 0.2 meters. The net shoaling of 1,900,000 cubic meters over two years was offset by
bed lowering of about 800,000 cubic meters for a net gain of 1,120,000 cubic meters from this
river reach. This represents an annual rate of 560,000 cubic meters per year of sand export.

Figure KR-7. Change analysis for the lower Kennebec Estuary from 2017 to 2019. This reach
has a variety of channel widths with wide margins that are shallow and muddy in the intertidal
zone. The main channel has abundant sand waves that shifted over two years.

Table KR-3. Volumetric change in the Kennebec River between Fort Popham and Bluff Head
from 2017 to 2019.

Figure KR-8. Volumetric analysis shows considerable shoaling up to 1,900,000 cubic meters
and riverbed erosion of slightly less than half that volume, around 800,000 cubic meters. In
addition to being dynamic, this stretch of river exported 1,120,000 cubic meters of sand.

Bluff Head Disposal Site

The Bluff Head Disposal site in the Kennebec River has been used for at least four decades as a
location to place sand dredged from the Federal Navigation Channel and the General Dynamics
Bath Iron Works dry dock sinking basin. Disposal in the river can help keep the sediment
balance and habitat structure of the riverbed intact. Conservation of the river sand bedload
(volume transport) is important for the long-term preservation and sustainability of beaches at
the mouth of the river such as Popham Beach State Park. Monitoring and analysis of the
disposal site with data from this project is useful for understanding river sand budgets as well as
future impacts to beaches if disposal were to take place in an upland setting or some other
process that removes it from the river system. These data provide a two-year look at sediment
dynamics and establish a baseline for future monitoring related to additional dredged sand
disposal anticipated for at least another decade.
Dredging for the sinking basin deposited sand, including some silt, at the Bluff Head site in
February and March 2017. Previously the sinking basin was dredged in 2009 and 2012.
Between April 21 and 26, 2017, the U.S. Army Corps of Engineers dredged 37,000 cubic meters
(48,167 cubic yards) of sand from the Federal Navigation Project. This sediment was placed at
the in-river disposal site. To put this most recent disposal volume in context, from 1991 to 2011
Bluff Head Disposal Site received a total of 240,000 cubic meters (315,000 cubic yards) from
five dredges.
In 2020, Bath Iron Works proposed to dredge approximately 23,000 cubic meters (30,000 cubic
yards) between the fall of 2020 and spring of 2021 for the dry dock sinking basin. This effort
would also dispose of sand in the Bluff Head Disposal Site. Future full sinking basin dredges
could dispose of as much as 54,000 cubic meters (70,000 cubic yards) at the Bluff Head Disposal
Site per event.

2017 Site Conditions

The first two multibeam surveys in the Bluff Head Disposal Site were completed on May 5 and
June 2, 2017 (Figure KR-9; Dobbs, 2017). The May data represents the river morphology about
three months after sediment from the sinking basin was placed there and 1 month after sediment
from the Federal Channel was placed there. The June data allows for a monthly change analysis.

Figure KR-9. Bathymetry and backscatter of the Bluff Head disposal site in 2017 in shaded
relief shows the bedrock-framed river channel with center channel depths in the 30-meter range.
Nautical chart depths are in feet below Mean Lower Low Water while the shaded relief is in
meters MLLW. Source: Dobbs (2017).
Disposal Site Change
The third multibeam survey in this project was completed over several days in 2019. This
survey was used to compare the Bluff Head Disposal Site to a 2017 survey. Over the two years
there is a clear loss of sediment from the disposal site that led to deepening of the river channel
and a change from a smooth riverbed to one that was more irregular (Figure KR-10). From 2017
to 2019 the backscatter shows more ledge outcrops on the bottom, particularly on the western
side of the channel (Figure KR-11).

Figure KR-10. Bathymetry of the Bluff Head disposal site in 2017 and 2019 in shaded relief.
The images show the bedrock-framed river channel with center channel depths in the 20 to 26meter (70 to 90-foot) range. Nautical chart depths are also in feet below Mean Lower Low
Water MLLW.

Figure KR-11. Backscatter of the Bluff Head disposal site in 2017 and 2019. More ledge is
visible in the 2019 survey, particularly on the west side (left) of the channel in the disposal area.
Differences in data processing account for some of the textural differences.
Bluff Head disposal site elevation change from 2017 to 2019 shows a meter to meter and a half
of sediment loss (Figure KR-12). The volume at the disposal site decreased by 47,000 cubic
meters over two years (Table KR-4; Figure KR-13). This dispersal and deepening are in contrast
to the larger river reach from Bluff Head to Fiddler Reach, even when including the disposal area
(see the section above), where there was a net gain of sand.

Figure KR-12. Bathymetric change for the Bluff Head Disposal Site from 2017 to 2019. The
center of the channel in the disposal area lost about 1.5 meters of elevation from the center of
the channel.

Table KR-4. Volumetric change in the Bluff Head Disposal Site from 2017 to 2019.

Figure KR-13. Change analysis for the Bluff Head Disposal Site from 2017 to 2019. The net
sediment loss was about 47,000 cubic meters. Unlike the full reach that gained sand, this area
lost volume as dredged sand dispersed over the two years.

Part 2. Beach Nourishment and Sand Dynamics off Popham Beach
Dredging of Sand from the Lower Kennebec River

The interaction of river bedload sand transport with the open ocean results in sediment
accumulation at the Kennebec River mouth near Popham Beach. The Sugarloaf Islands are in
the center of the channel and affect wave refraction as well as river and tidal currents. The
interplay of spring floods and reversing tidal currents creates sand waves (Figure PB-1). Large
sand waves cause shoaling in the Federal Navigation Channel and, since they rebuild naturally,
there is a need for repeated dredging and placement of sand at a nearshore disposal site.
Dredging in the Federal Navigation Channel between Popham Beach and the Sugarloaf Islands
deepens the channel by removing the crests of sand waves. Since the late 1980s, dredged sand
has been transported by ship to the Jackknife Ledge disposal site several times from 2011 to
2017.
In the absence of dredging, Kennebec River sand bypasses the Sugarloaf Islands, reaches the sea
in this area, and experiences wave reworking that forms a sandy delta. The modern depositional
delta is the Pond Island Shoal (FitzGerald et al., 2000). Over the last 15,000 years, river sand
was deposited at lower sea levels in enough volume to bury bedrock and create the Kennebec
Paleodelta estimated to have a sand volume of 2.1 billion cubic meters (Barnhardt et al., 1997).

Figure PB-1. This figure shows a shaded relief map made from multibeam data. Sand waves
are common in the Kennebec River from Fort Popham to Pond Island in the south. These sand
waves form from reversing flood- and ebb-tidal currents.

Jackknife Ledge Nearshore Disposal Site

Between April 21 and 26, 2017, river dredging of 11,000 cubic meters (14,186 cy) of sand from
the Federal Navigation Project was placed at the Jackknife Ledge disposal site. This project
investigated change from 2016 through 2020 to look for sand dispersal and effectiveness of the
site for beach nourishment.
Change Analysis at Jackknife Ledge 2016 to 2017

Repeated multibeam surveys over the Jackknife Ledge Disposal Site were used to compare
bathymetric changes within and adjacent to the disposal area used in 2017. An August 2016
survey provided the “before” condition and a May 2017 survey provided the “after” survey about
3 weeks after dredging was completed. The two bathymetric surfaces were compared by Dobbs
(2017; Figure PB-2) and a net volume change of 11,300 cubic meters was detected in the
southwest quadrant of the disposal area. This volume matches the U.S. Army Corps of
Engineers dredged volume.

Figure PB-2. Change thickness map from 2016 to 2017 with scale on right. Bathymetric change
detected disposal of 11,300 cubic meters (14,800 cubic yards) at the Jackknife Ledge disposal
site between 2016 and 2017. The morphology shows an uneven mound with sediment added to
an elevation up to a meter and averaging half a meter of deposition. Image by K. Dobbs, MCMI.
A broader area of interest (AOI) surrounding the Jackknife Ledge Disposal Site was selected to
examine movement of sand and changes in seafloor elevation into and out of the disposal site
(Figure PB-3). The full AOI is 788,000 square meters. A net lowering of a few centimeters
across a large area resulted in a net loss of sediment from the full AOI of 12,000 cubic meters
(Table PB-1). Figure PB-3 does show the disposal mound in a similar shape as in Figure PB-2
and this net loss appears from areas outside of the disposal site.

Figure PB-3. Bathymetric change from 2016 to 2017 at Jackknife Ledge. The southwest
quadrant of the circular disposal area shows the mound created by dredged material disposal a
few weeks before the 2017 survey.

Table PB-1. Volumetric change at Jackknife Ledge AOI from 2016 to 2017.

Figure PB-4. Change analysis for the Jackknife Ledge AOI from 2016 to 2017. The net loss of a
few centimeters of sand (tall red bar in left histogram) occurred over a wide area to result in a
net loss of sediment from within the AOI.

Change Analysis at Jackknife Ledge 2017 to 2020
Multibeam surveys over the Jackknife Ledge Disposal Site were used to compare bathymetric
changes within and adjacent to the disposal from 2017 to 2020 (Figure PB-5). The height of the
2017 disposal mound lowered slightly, and some net gain was detected in the center of the
disposal area. This suggests that, over 3 years, sand deposited in 2017 did not leave the disposal
site but may have moved a quarter of a mile north-northeast within the site.

Figure PB-5. Bathymetric change from 2017 to 2020 at Jackknife Ledge showed only a few
centimeters of change across the larger area of interest (AOI).
Across the full area of interest, comparison of elevations shows about 51,000 cubic meters of net
change (Table PB-2). Most of this change was from a few centimeters of vertical difference
across a wide area (Figure PB-6). There does not appear to be a net area of erosion or deposition
in the AOI. As in the 2016-2017 comparison, these small differences over a rather flat surface
may be related to data processing to account for tidal elevations.

Table PB-2. Volumetric change at Jackknife Ledge from 2017 to 2020.

Figure PB-6. Change analysis for the Jackknife Ledge Disposal Site from 2017 to 2020.

Change Analysis at Jackknife Ledge 2016 to 2020
Multibeam surveys from 2016 to 2020 over the Jackknife Ledge Disposal Site were used to
compare bathymetric changes within and adjacent to the disposal over the full 3 years of this

project (Figure PB-7). The largest change was the increase in seabed elevation at the disposal
mound created in 2017. The remainder of the disposal site and surrounding area of interest
changed very little.

Figure PB-7. Bathymetric change from 2016 to 2020 at the Jackknife Ledge area of interest
(AOI).
The net volume difference detected from 2016 to 2020 was an increase of 46,000 cubic meters
with an error estimate of plus or minus 30,000 cubic meters (Table PB-3). This is a result
primarily of a gain in elevation of about 13 +/- 9 centimeters across a large area (Figure PB-8).

Table PB-3. Volumetric change at Jackknife Ledge AOI from 2016 to 2020.

Figure PB-8. Change analysis for the Jackknife Ledge AOI from 2016 to 2020 shows the
primary volume gain appears to be from a widespread area of seafloor shoaling of a few
centimeters. These small vertical differences over a rather flat surface may be related to data
processing to account for tidal elevations.

Backscatter comparison between the 2016 and 2020 survey shows high-resolution spatial detail
of the coarser sand in and around the disposal area (Figure PB-9). The morphology of patches of
contrasting grain sizes shows very little sediment dispersal over three years. Over three years,
very little sediment transport appears to have changed the seabed morphology or sedimentary
texture at the Jackknife Ledge Disposal Site or to have led to net sand transport onshore to
provide beach nourishment.

Figure PB-9. Backscatter comparison from 2016 and 2020 shows no major changes within the
disposal site or the surrounding area.

Jackknife Ledge Alternate Site

A new area of interest was mapped between 2018 and 2019 to explore a potential new dredged
material disposal site south of Popham Beach State Park. Bathymetry, backscatter, and grab
samples were used to characterize the nearshore geology and geomorphology of Popham Beach.
The site search was constrained by the need to move to shallower water for improved onshore
transport of sand by storm swells and ocean circulation. Site selection with these data also
sought to avoid the rock outcrops of Jackknife Ledge that were unknown for the 1989 site
selection (Figure PB-10; Appendix D Presentation of February 21, 2020). The grain size
samples were selected based on backscatter intensity and used to provide a preliminary
understanding of the suitability within the area of interest for a nearshore disposal site with

improved beach nourishment potential. Within the area of interest, this site was selected in this
project for further evaluation and a suitability determination by the Navy and U.S. Army Corps
of Engineers (Figure PB-11). Geologically both sites are part of the Kennebec paleodelta and
recipients of sand discharged from the Kennebec River.
The alternate site is shallower and expected to provide a superior onshore migration of sand over
time (Appendix D Presentation of February 21, 2020). Proximity between the existing site and
the proposed one is important for determining if this is to be a newly regulated site or considered
within an existing disposal area. This information will also be of use in scoping economics and
logistics for future site selection of a preferred alternative. This alternate area would be a
geologically suitable disposal site if the logistics and access of placement there could be
arranged.

Figure PB-10. The geographic relationship between the existing Jackknife Ledge disposal site
proposed in 1989 (black circle) and the one monitored in this project (green circle). The
proposed alternate site is north northwest about 1,100 meters (0.6 nautical miles) of the existing
site.

Figure PB-11. MCP multibeam bathymetry (left) and backscatter (right). Popham Beach State
Park is at the north edge of this map. The red circle represents a preferred site within the area
of interest.

Pond Island Shoal Alternate Site

A second alternate disposal site was mapped for consideration. Based on previous geological
investigations and local interest, the area between Wood Island and Pond Island was examined.
This narrow area is where strong Kennebec River flow transports sand in a seaward direction.
After passing through the islands, sand is reworked on the Pond Island Shoal and transported to
the west toward Popham and Hunnewell Beaches in a clockwise circulation. This path brings
sand ashore toward the state park and adjacent beaches.
The seabed between the islands has a deep scour area that is a likely dispersal site. Bathymetry
and backscatter show shallow bedrock ledges to the north and in the direction of the dredge site.
The south side of the islands is relatively shallow across Pond Island Shoal (Figure PB-12).
These data form the basis for site evaluation as an alternative disposal site with consideration of
the logistics of access and disposal of dredged sand from the lower Kennebec River.

Figure PB-12. The Pond Island Shoal is an area where sand from the Kennebec River is
dispersed to the sea. The depths and geomorphology of the area between Pond Island and Wood
Island as well as the Pond Island Shoal were investigated as an alternative disposal area to JKL.
The depression or the shoal south of the islands would be a geologically suitable disposal site if
the logistics and access of placement there could be arranged.
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